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EXECUTIVE SUMMARY

This document presents the work plan for the Phase | RCRA Facility Investigation (RFI)/Remedial
Investigation (Rl) of the Woman Creek drainage (Operable Unit Number 5) at the Rocky Flats Plant,
Jefferson County, Colorado. This work plan includes a field sampling plan (FSP) that presents the
investigation planned to evaluate the presence or absence of contamination at Individual Hazardous
Cubstance Sites (IHSSs) within the Woman Creek drainage. The FSP developed in this work plan is
based on the requirements of the Interagency Agreement (IAG) amongst the Department of Energy,
Environmental Protection Agency, and the State of Colorado Department -of Health. Ten IHSSs are
located in Operable Unit Number 5 (OUS). They are the Original Landfill (IHSS 115), the Ash Pits (IHSSs
133.1-133.4), the Incinerator (IHSS 133.5), the Concrete Wash Pad (IHSS 133.6), Detention Ponds C-1
and C-2 (IHSSs 142.10 and 142.11), and the Surface Disturbance (IHSS 208). A second area of surface
disturbances south of the Ash Pits has been identified and included in this work plan.

Section 1.0 of this work plan presents introductory ihformation and a general characterization of the
region and plant site. In addition, the regional geology and hYdrology at Rocky Flats are discussed.
Section 2.0 presents descriptions of the site--physical characteristics, histories and previous
investigations, available information concernmg the nature and ‘extent of contamination, and conceptual
models for each of the ten IHSSs based on existing data. This initial characterization forms the basis
for establishing data needs, data quality ob)ectlves (DQOs), and developing an FSP for each IHSS.
Section 3.0 presents apphcable or relevant and appropriate requirements (ARARs) developed for OUS.
Section 4.0 establishes data needs and DQOs considering site characteristics and conceptual models
of each IHSS in OUS. Sectlon 5.0 outlmes RFi/RI tasks to be performed. Section 6.0 presents the
schedule for these tasks. A Fteld Sampllng Plan, based on the requirements of the IAG, is presented
in Section 7.0 to satisty the data needs and DQOs identified in Section 4.0. The Baseline Risk
Assessment Plan-(BRAP) and Environmental Evaluation Plan (EEP) are presented in Sections 8.0 and
8.0, respectively. ‘A Quality Assurance Addendum (QAA) and Standard Operating Procedure Addenda
(SOPA) are presented in Sections 10.0 and 11.0, respectively. A list of references is presented in
Section 12.0.

The initial step in the development of the OU5 RFi/RI work plan was a review of existing information.
Available historical and background data for each IHSS were collected through a literature search and
a review of the Rocky Flats Environmental Database System (RFEDS). Only a few limited investigations
have been conducted at OU5 in the past. These investigations include a gamma radiation survey at the
Original Landfill (IHSS 115), limited sediment sampling in Woman Creek, ongoing. surface water,
groundwater and sediment sampling programs along Woman Creek and the South Interceptor Ditch
(SID), and Plant-wide air quality monitoring.
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Data quality objectives have been developed for this Phase | investigation. DQOs are qualitative and
quantitative statements that describe the quality and quantity of data required by the RFI/RI. The DQO
process is divided into three stages. Through application of the DQO process, site-specific RFl/RI goals
are established and data needs are identified for achieving these goals.

After assessing the existing information for OUS, the following objectives of the Phase | RFI /Rl have
been identified:

. Characterize the physical and hydrogeologic setting of the IHSSs

L Assess the presence or absence of contamination at the sites

. Characterize the nature and extent of contamination at the sites, if present

. Support the Phase | Baseline Risk Assessment and Environmental Evaluation

Within these broad objectives, site-specific data needs have been identified based on preliminary
identification of contaminant-specific ARARs for ous and data needs for the Phase | Baseline Risk
Assessment and Environmental Evaluation. The FSP presented in this work plan is based on the data
needs and the requirements of the IAG, The FSP for each IHSS requires a combination of screening
activities, sampling of soils, sediment and éﬁr"face water, and wéll installation and sampling. Site-specific
FSPs are briefly summarized below. v

IHSS 115 - Original Landfill. Screening activities at the Original Landfill will consist of a review
of the gamma radiaﬁoh“”éhrvey recently completed and completion of a soil gas survey.
Sampling will include subsurface samptihg in'borings, and sediment and surface water sampling
adjacent to the unit. Wells will'be installed and sampled downgradient of the unit and in
selected soil borings if a plume is ‘encountered. An additional activity at the unit will be a study
of the pipes protruding from the landfill and sampling of effluent from the pipes, if present.

IHSS 133.1-6 - Ash Pits 1-4.Incinerator, and Concrete Wash Pad. A radiological survey will be
the screening activity conducted at the IHSS 133 sites. Surface soil samples will be collected
from the locations that have high radiation concentrations identified during the radiological
survey. Subsurface samples will also be collected from borings in the Ash Pit areas. Three
monitoring wells will be instalied downgradient of the units and sampled.

IHSS 142 - Detention Ponds - C-Series. Surface water samples will be collected from several
locations in each pond. Sediment samples will be collected in the ponds, as well as along the
entire Woman Creek drainage within the Rocky Flats Plant. Sediment samples wili also be
collected in the SID. Background surface water and sediment samples will be collected west
of the plant. Two monitoring wells will be installed and sampled in the alluvium downgradient
of each dam at Ponds C-1 and C-2.
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IHSS 209 - Surface Disturbance Southeast of Building 881 and Surface Disturbances South of
the Ash Pits. Visual inspections of the surface disturbance areas and reviews of historical use
information pertaining to these sites will be completed prior to screening and sampling activities.
A radiological survey will be completed at each area. Surface soil samples will be collected
from the three excavations at IHSS 209 and from the north-south excavation at the surface
disturbance south of the Ash Pits. A sediment sample and surface water sample (if water is
present) will be collected from each of the former pond areas at IHSS 209. Surface and
subsurface samples will be collected from borings in the paraliel excavations and the east and
west areas at the surface disturbance south of the Ash Pits.

Data collected during the Phase | Woman Creek drainage RFI/R! will be incorporated into the existing
RFEDS database. These data will be used to better define site characteristics, source characteristics,
and the nature and extent of contamination; to suppbrt the baseline risk assessment and environmental
evaluation; and to evaluate potential remedial alternatives. An RFI/RI report will be prepared
summarizing the data obtained during the Phas‘e-l,pkogram‘ and containing the Phase | Baseline Risk
Assessment and Environmental Evaluation. ' -
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1.0
INTRODUCTION

This document presents the work plan for the Phase | RCRA Facility Investigation (RFI)/Remedial
Investigation (RI) of the Woman Creek Drainage (Operable Unit Number 5) at the Rocky Flats Plant,
Jefferson County, Colorado. In this work plan, the existing information is initially summarized to
characterize Operable Unit Number 5 (OU5) and a field sampling program is presented to assess
potential contamination of the ten Individual Hazardous Substance Sites (IHSSs) that have been
identified along or within the Woman Creek drainage. These IHSSs include the Original Landfill (IHSS
115), the Ash Pits (IHSS 133.1-133.4), the Incinerator (IHSS 133.5), the Concrete Wash Pad (IHSS
133.6), Detention Ponds C-1 and C-2 (IHSSs 142.10 and 142.11), and Surface Disturbance (IHSS 209).
An additional area of surface disturbances south of the Ash Pits has been included in this OU5 work
plan. The Phase | RFI/RI will be conducted in accordance with the Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA"(U.S EPA 1988a) and Interim Final RCRA Facility
Investigation (RFl) Guidance (U.S. EPA 1989a). The data generated will be used to begin developing
and screening remedial alternatives and to evaluate the need for further studies for the 10 IHSSs in OUS.
The data will also be used to estimate the risks to human health and the environment posed by each
hazardous substance site. o

This investigation is part of a comprehensive, ;phased program of site characterization, remedial
investigations, feasibility studlesand remedial /c_orfective actions currently in progress at the Rocky Flats
Plant. These investigations are pUrsQant to the U.S. Department of Energy (U.S.DOE) Environmental
Restoration (ER) Program’ [formerly known as. the Comprehensive Environmental Assessment and
Response Program (CEARP)]; a Compliance Agreement among DOE, the U.S. Environmental Protection
Agency (EPA), and the State of Colorado Department of Health (CDH) dated July 31, 1986; and an
Interagency Agreement (I1AG) amdhg DOE, EPA, and CDH, dated January 22, 1981. The IAG addresses
RCRA and CERCLA issues and has been integrated with the ER Program. In accordance with the IAG,
the CERCLA terms "Remedial Investigation" and "Feasibility Study” in this document are considered
equivalent to the RCRA terms "RCRA Facility Investigation® and "Corrective Measures Study”.

1.1 ENVIRONMENTAL RESTORATION PROGRAM

The ER Program is designed to investigate and clean up contaminated sites at DOE facilities. This ER
Program being implemented is organized into five major activities. Activity 1 has already been
completed at Rocky Flats Plant (U.S. DOE 1986a). This work plan is part of the Activity 2 program
currently in progress for OU5 (Woman Creek drainage).
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. Activity 1 - Installation Assessment includes preliminary assessments and site
Inspections to assess potential environmental concemns.

. Activity 2 - Remedial Investigations include planning and implementation of sampling
programs to delineate the magnitude and extent of contamination at specific sites,
evaluate potential contaminant migration pathways, and perform baseline risk
assessments.

. Activity 3 - Feasibility Studies evaluate remedial éttematives and develop remedial action
plans to mitigate environmental problems identified as needing correction in Activity 2.

. Activity 4 - Remedial Design/Remedial Action includes design and implementation of
site-specific remedial actions selected ‘on the basis of Activity 3 Feasibility Studies.

J Activity 5 - Compliance and VeriﬁC’ation implements monitoring and performance
assessments of remedial actions and then verifies and documents the adequacy of
remedial actions carried out under Activity 4.

1.2 WORK PLAN SCOPE

Existing information on OUsS was obtamed ffom numerous sources for use in work plan preparation.
Section 1.0 of this work plan’ présents mtroductory information and a general characterization of the
region and plant site. In- addmon the regional geology and hydrology at Rocky Flats are discussed.
Section 2.0 presents : descrnptlons of “thesite physical characteristics, histories and previous
investigations, avallable information’ concermng the nature and extent of contamination, and conceptual
models for each of the ten _lHSSs‘ based on existing data. This initial characterization forms the basis
for establishing.data ' needs, data'q’ual‘i_ty objectives (DQOs), and developing an FSP for each IHSS.
Section 3.0 presents applicable or relevant and appropriate requirements (ARARs) developed for OUS.
Section 4.0 establishes data needs and DQOs considering site characteristics and conceptual models
of each IHSS in OUS. Section 5.0 outlines RFI/RI tasks to be performed. Section 6.0 presents the
schedule for these tasks. A Field Sampling Plan, based on the requirements of the IAG, is presented
in Section 7.0 to Satisfy the data needs and DQOs identified in Section 4.0. The Baseline Risk
Assessment Plan (BRAP) and Environmental Evaluation Plan (EEP) are presented in Sections 8.0 and
8.0, respectively. A Quality Assurance Addendum (QAA) and Standard Operating Procedure Addenda
(SOPA) are presented in Sections 10.0 and 11.0, respectively. A list of references is presented in
Section 12.0.
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1.3 REGIONAL AND PLANT SITE BACKGROUND INFORMATION

1.3.1 Site Background and Plant Operations

The Rocky Flats Plant is a government-owned and contractor-operated facility that is part of the
nationwide nuclear weapons production complex. The Plant was operated for the U.S. Atomic Energy
Commission (AEC) from the Plant's inception in 1951 until the AEC was dissolved in January 1975. At
that time, responsibility for the Plant was assigned to the Energy Research and Development
Administration (ERDA), which was succeeded by the DOE in 1977. Dow Chemical USA, an operating
unit of the Dow Chemical Company, was the prime operating contractor of the facility from 1951 until
June 30, 1975. Rockwell International succeeded Dow Chemical USA from July 1,1975to January 1,
1990, when EG&G Rocky Flats, Inc. succeeded Rockwell International.

The Rocky Flats Plant’s primary mission is to produce metal components for nuclear weapons. These
components are fabricated from plutonium, uranium and nonradioactive metals, principally beryllium and
stainless steel. Parts made at the Plant are ship'bed elsewhere for final assembly. When nuclear
weapons are determined to be obsolete, componenté of the weapons fabricated at the Plant are
returned for special processing to recover plutonium and americium. Other activities at the Rocky Flats
Plant include research and development in’ metal_ldféy, machining, nondestructive testing, coatings,
remote engineering, chemistry, and physics. Both radioactive and nonradioactive wastes are generated
in these research and production processes.. Current waste handling practices involve on-site and off-
site recycling of hazardous matérials,,_ on-site Storage of hazardous and radioactive mixed wastes, and
disposal of solid radioactive matetials at another DOE facility. However, historically, Rocky Flats Plant
operating procedures anluded both on-'s'rte‘storagé and disposal of hazardous and radioactive wastes.
Preliminary assessmehts under the ER Program'identified some of the past on-site storage and disposal
locations as potential sources of environmental contamination.

1.3.2 Previous Investigations

Various studies have been conducted at the Rocky Flats Plant to characterize environmental media and
to assess the extent of radiological and chemical contaminant releases to the environment. The
investigations are referenced in numerous reports including EG&G 1991a.

In 1986, two major investigations were completed at the plant. The first was the ER Program installation
Assessment (U.S. DOE 1986a), which included analyses and identification of current operational
activities, active and inactive waste sites, current and past waste management practices, and potential
environmental pathways through which contaminants could be transported. A number of sites were
identified that could potentially have adverse impacts on the environment. These sites were designated
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as Solid Waste Management Units (SWMUs) (renamed Individual Hazardous Substance Jites (IHSSs)
in the January 22, 1991 |AG) by Rockwell international (1987) and were divided into three categories:

1. Hazardous waste management units that will continue to operate and need a RCRA
operating permit.

2. Hazardous waste management units that will be closed under RCRA interim status.

3. Inactive waste management units that will be investigated and cleaned up under
Section 3004(u) of RCRA or under CERCLA. No RCRA or CERCLA regulatory

distinction in the use of the terms “site," "unit,” "SWMU," or-"JHSS" is intended in this
document. '

The second major investigation completed at“vthe”PIant in 1986 involved a hydrogeologic and
hydrochemical characterization of the entire plant site. Plans for this study were presented in Rockwell
International publications 1986b and 1986¢, and study results were reported in Rockwell International

publication 1986d. These investigations identified the ten IHSSs that are included in OU5 based on their
location adjacent to Woman Creek. '

1.3.3  Physical Setting

The Rocky Flats Plant is located-in nonhérn Jefferson County, Colorado, approximately 16 miles
northwest of downtown Denver (Fvgure1 -1). Other surrounding cities include Boulder, Westminster, and
Arvada, which are located less than 10. miles to the northwest, east and southeast, respectively. The
plant consists of approxnmately 6, 550-acres of federal land and occupies Sections 1 through 4 and 9
through 15 of T28S, R70W 6th pnnctpal meridian. Major plant buildings are located within a plant

security area of approx;mately 400 acres The security area is surrounded by a buffer zone of
approximately 6,150 acres. )

The planf is bounded on the north by Colorado State Highway 128. To the east is Jefferson County
Highway 17, also known as Indiana Street; to the south are agricultural and industrial properties and
Highway 72; and to the west is Colorado State Highway 93 (Figure 1-2).
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1.3.3.1 Topography

The natural environment of the Plant and vicinity is influenced primarily by its proximity to the Front
Range of the Rocky Mountains. The plant site is located directly east of the north-south-trending Front
Range, located about 16 miles east of the Continental Divide. The Rocky Flats Plant is located on a
broad, eastward-sloping system of coalescing alluvial fans. These fans, created by the erosion of the
Front Range, extend approximately 5 miles to the east, where they terminate in low, rolling hills. The
Plant is at an elevation of approximately 6,000 feet above mean sea level (msl). The Plant security area
is located near the eastern edge of the fans on a pediment between stream-cut gullies or arroyos (North
Walnut Creek and Woman Creek) (Figure 1-2). k

1.3.3.2 Surface Water Hydrology

Three streams drain the Rocky Flats Plant with fiow generally from west to east. These drainages are
Rock Creek, Walnut Creek, and Woman Creek (Figure 1-2). Rock Creek drains the northwestern corner
of the plant and flows northeast through the buffer zone 1o its-off-site confluence with Coal Creek. An
east-west trending interfluve separates the Walnut Creek and Wbman Creek drainages. North Walnut
Creek, South Walnut Creek, and an unnamed tributary drain the northern portion of the Plant security
area. These three forks of Walnut Creek join in the buffer zone and flow to Great Western Reservoir,
approximately 1 mile east of the confluence. Woman Creek drains the southern Rocky Flats Plant buffer
zone, flowing eastward to Standley Lake Reservoir and Mower Reservoir. The South Interceptor Ditch
is a ditch that flows intermittehtly‘and Ties between the Piant and Woman Creek. The South Interceptor
Ditch collects runoff from the southern Plant facilities and diverts it to Pond C-2, where it is monitored
in accordance with the Plant’s National»Pd'lv'Utaﬁt"Discharge Elimination System (NPDES) permit.

1.3.3.3 Climate )

The climate‘in the érea of the Rocky Flats Plant is semi-arid, characterized by warm summers and dry,
cool winters, as is typical of much of the central Rocky Mountain Region. However, the elevation of the
plant (6,000 feet) and the nearby slopes and canyons of the Front Range modify the regional climate.
Winds, although variable, are predominantly from the west-northwest, with stronger winds occurring
during the winter.~ The canyons along the Front Range tend to channel the fiow during both upslope
and downslope conditions, especially when there is strong atmospheric stability. The area occasionally
experiences chinook winds with gusts over 100 miles per hour. Rocky Flats meteorology is strongly
influenced by the diurnal cycle of mountain and valley breezes. Two dominant flow patterns exist, one
during daytime conditions, and one at night. During daytime hours as the earth heats the mountains
receive more direct sunlight than the plains and valleys. The result is a general trend for the air flow to
travel toward the higher elevations (upslope). The general air fiow pattern during upslope conditions
for the Denver area is typically north to south with the flow moving up the South Platte River Valley and
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then entering the canyons into the Front Range. After sunset the air against the mountain side is cooled
and begins to fiow toward the lower elevations (downslope). The pattern for the Denver area during
downslope is flow moving, down the canyon of the Front Range into the Plains. This fiow converges
with the South Platte River Valley flow moving toward the north-northeast.

Temperatures at Rocky Flats are moderate. On the average, daily summer maximum temperatures
range from 55 to 85 degrees Fahrenheit (°F) and winter maximum temperatures range from 2010 45° F.
Extremely warm or cold weather is usually of short duration. Based on precipitation averages collected
between 1953 and 1976, the mean annual precipitation at the plant is approximately 15 inches.
Approximately 40 percent of the precipitation falls during the spring, predominantly as wet snow.
Autumn and winter are drier seasons, accounting for 19 and 11 percent of the annual precipitation,
respectively. Thunderstorms from June to August account for about 30 percent of the total precipitation.
Snowfall, generally occurring between October and May, averages 85 inches per year.

1.3.4 Surrounding Land Use and Population bensity

The Rocky Flats Plant is located in a rural area. Approximately 50 percent of the area within 10 miles
of the Rocky Flats Plant is in Jefferson C_ounty_. The remainder is located in Boulder County (40 percent)
and Adams County (10 percent). Accobi'd,in'g to the 1973 Colorado Land Use Map, 75 percent of this
land in 1973 was used for agriculture or was uhdeVelo'ped. Since 1973, portions of this land have been
converted to residential use, with several new housing subdivisions being constructed within a few miles
of the buffer zone. One subdivision is located south of Jefferson County Airport, to the northeast, and
several are located southeast of the plant (EG&G 1991a).

A recent demographib »s_mdy shdwswth t abpfoximately 2.2 million people lived within 50 miles of the
Rocky Flats Plant in 1989 (U.S. DOE 1990a). Approximately 9,100 people lived within 5 miles of the
Plant in 1989. -The most populous sector lies to the southeast, toward Denver. Recent population

estimates, registered by the Denver Regional Council of Governments (DRCOG) for the eight-county
Denver metro region, have shown distinct patterns of growth during the first and second halves of the
1980s. ‘Between 1980 and 1985, the population of the eight-county region increased by 197,890; a 2.4
percent annual growth rate. Between 1985 and 1989, a population gain of 71,575 was recorded,
representing a 1.0 percent annual increase (the national average). The 1989 population showed an
increase of 2,225 (or 0.1 percent) over 1988 (DRCOG 1989).

There are 8 public schools within 6 miles of the Rocky Flats Plant. The nearest educational facility is
witt Elementary School, approximately 2.7 miles east of the plant buffer zone. The closest hospital is
Centennial Peaks Hospital, located approximately 7 miles to the northeast.
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The closest park and recreational area is Standley Lake Reservoir, approximately 5 miles southeast of
the plant. Boating, picnicking, and limited overnight camping are permitted. Several other small parks
exist in communities within 10 miles. The closest major park, Golden Gate Canyon State Park, located
approximately 15 miles to the southwest, provides 8,400 acres of general camping and outdoor
recreation. Other national and state parks are located in the mountains west of the Rocky Flats Plant,
but all are more than 15 miles away. "

Some of the land adjacent to the Plant’s buffer zone is zoned for i_ndustrial development. Industrial
facilities within 5 miles include the TOSCO laboratory (a 40-acre site located 2 miles south), the Great
Western Inorganics Plant (2 miles south), the Frontier Forest Products yard (2 miles north), the Idealite
Lightweight Aggregate Plant (2.4 miles northwest), and the Jefferson County Airport and industrial Park
(a 990-acre site located 4.8 miles northeast). Several ranches are located within 10 miles of the Plant,
primarily in Jefferson and Boulder counties. They are operated to produce crops, raise beef cattle,
supply milk, and breed and train horses. Accordjhg -tb the 1987 Colorado Agricultural Statistics, 20,758
acres of crops were planted in Jefferson County ’(tot,a“l land area of approximately 475,000 acres) and
68,760 acres of crops were planted in Boulder County (tbtal land area of 405,760 acres). Crops
consisted of winter wheat, corn, bariey, dry beans, sugar beets, hay, and oats. Livestock consisted of
5,314 head of cattle, 113 hogs, and 346 s in"Jefferson County and 198,578 head of cattle, 2,216
hogs, and 12,133 sheep in Boulder County (Post 1989) 4

1.3.5 Ecology

A variety of plant life is found wnhm the Plant boundary Species are representative of lower
mountainous and foothlll ravme reglr and lnclude species of tall and short grass prairie. Riparian
vegetation exists along the site’s dralnages and wetlands. None of the vegetative species present on
the Rocky Flats facility have been ‘reported to be on the endangered species list (EG&G 1991a).
Previously dlsturbed areas -of the plant have revegetated since establishment of Rocky Flats Plant, as
evidenced by the presence of dlsturbance-sensmve grasses like big bluestem (Andropogon gerardii)
and sndeoats grama (Bouteloua curtipendula).

The fauna ‘inha‘b’iting the #Bdck'y Flats Plant and its buffer zone consists of species associated with
western prairie fegion"s; -The most common large mammal is the mule deer (Odocoileus hemionus),
with an estimated 100°to 125 permanent residents. There are a number of small carnivores, such as
coyote (Canis latrans), red fox (Vulpes fulva), striped skunk (Mephitis mephitis), and long-tailed weasel
(Mustela frenata). A profusion of small herbivores can be found throughout the Plant and buffer zone,
consisting of species such as the pocket gopher (Thomomys talpoides), white-tailed jackrabbit (Lepus
townsendii}, and the meadow mole (Microtus pennsylvanicus) (U.S. DOE 1980).
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Commonly observed birds include western meadowlarks (Sturnella neglecta), horned larks (Eremophila
alpestris), mourning doves (Zenaidura macroura), and vesper sparrows (Pooecetes gramineus). A
variety of ducks (Anas sp.), killdeer (Charadrius vociferus), and red-winged blackbirds (Agelaius
phoeniceus) are seen near pond areas. Mallards (Anas platyrhynochos) and other ducks frequently nest
and rear young on several of the ponds. Common birds of prey in the area include marsh hawks
(Circus cyaneus), red-tailed hawks (Buteo jamaicensis), ferruginous hawks (Buteo regalis), rough-
legged hawks (Buteo lagopus), and great horned owls (Bubo virginianus) (U.S. DOE 1980).

Bull snakes (Pituophis melanoleucus) and rattiesnakes (Crotalus Sp.) are the most frequently observed
reptiles. Eastern yellow-bellied racers (Coluber constrictor flaviventris) have also been seen. The
eastern short-horned lizard (Phrynosoma douglassi brevirostre) has been reported on the site, but these
and other lizards are not commonly observed. The western painted turtle (Chrysemys picta) and the
western plains garter snake (Thamnophis radix} are found in and around many of the ponds (U.S. DOE
1980).

1.3.6 Regional and Local Hydrogeology

The Rocky Fiats Plant is located on a':broad, eééiw'ard-slopjng blain of overlapping alluvial fans along
the Front Range of the Rocky Mountains. Figure '1}3 presents a generalized stratigraphic section of the
Denver Basin bedrock, and Figure 14 shows a local stratigraphic section of the Rocky Flats Plant,
including unconsolidated deposits.. The surficial geology of the OU5 area is presented in Figure 1-5
(EG&G 1890c). Groundwatet .occurs-under unconfined conditions in both the surficial units and the
shallow bedrock units. In addition, grdUn_dwater oceurs in deeper bedrock sandstones under confined
conditions. A descriptibn,;pf each of the geol'o;g‘ic units is discussed in the following subsections.

1.3.6.1 Rocky Flats Alluvium

The Rocky Fiats Alluvium is the oldest and topographicaliy highest aliuvial deposit in the Rocky Flats
Plant area (Figure 1-6). The Rocky Flats Aliuvium was deposited by braided streams that produced a
series of coalescing alluvial fans. The alluvium is a broad deposit consisting of a topsoil layer underain
by up to 100 feet of varying amounts of silt, clay, and gravel. Unconfined groundwater flow occurs in
the Rocky Flats Alluvium, which is relatively permeable. Recharge to the alluvium is from precipitation,
snowmelt, and water losses from ditches, streams, and ponds that are cut into the alluvium. General
water movement in the Rocky Flats Alluvium is from west to east and toward the drainages.
Groundwater flow is also controlled by pediment drainages in the top of the bedrock. Groundwater
levels in the Rocky Flats Aliuvium rise in response to recharge in the spring and decline in the summer,
fall, and winter. Fluctuations in the groundwater level vary approximately 2 to 25 feet within the Plant
site vicinity (Hurr 1976). Discharge from the aliuvium occurs at seeps in the colluvium that covers the
contact between alluvium and underlying bedrock along the edges of the valleys. Most seeps flow

Prisse | RFI/RI Work Pian - Woman Creek Priority Drainage Fins! Draft
Rocky Fists Piant, Golden, Colorado March 21, 1891
22806E/R1.1 03-18-81/RPT/2 Page 1-10



136236

#GE | FoRMATON [T GrepHicS | SUMMARY DESCRIPTION :
1 1
. T e O e
> Green > -C: N O..o.; Boulder conglomerate with occosional thin siltstone lenses
g tMountain e ‘°0- SNSRI o '
gl by ==3— Yeliowish—brown to grayish—olive fluviol tuffaceous claystone, siltstone, ond
Denver S sondstone interbedded with conglomerate and clive—groy mudfiows
< Yeliowish to yeflowish—brown sendstone: sittstone; ond cioystone;
Aropahoe @ dxsconun:oggy conglomerote ai base
- 8 ﬁnﬁt—to—medium—gmined sandstone ond sty clays; thin coal beds in
Laramie R |
Fox Hills in
w
>
o
S
E Pierre -
o Dark gray, sitty shole ond few thin, sitty sondstones.
G
o
5
= Dork gray’ very calcareous shale. *Forominffers” obundant {Smoky Hilis Member)
' Niobrara .
\(LOA 3 "L:“ _J‘“( <o Light gray. dcnse. _foss'lx{erous fimestone (Fort Hays Member)
j 7~ Brown, sondy 1ossTderous fimeslone
o = Dark gr shole mth bentonite streok: thin fimestones in middle part; few
Benton g == cone—gmo—ycone concretions-in lower port
T --Dark gray, brittie sty shcle (Momy)
w o -
.,:8 § So. Platie 2| bgh a fme—to-—mediwn-gmmed sandstone, several dark gray sholes
g 8 [ o~ g
(=) - o T T T T - Y
e S Q i DN —— Ught gmy. fme—-to—coorse rained, focally conglomerdtic sandstone; frequent
% ;’g‘ Lytle b=t red ond green sittstone int
_g——— ——————— _.--— ‘ _-— reemsh to red shale ond siltstone; thin limestones in middie
2 Mormison "é’ s PO% g sond:{ona in upper ond lower port
5 4 5
- Rolston Creek 2 . l:gga’( ‘;g;a"y iHstone ond I‘ght red; sitty shole; gypsiferous; sondstone ot bose
1S ' .
& v . o1 . . .
= Lykins S Red silistone with two lominoted limestones in fower port
b % - . |
= S < TN Grayuh-whrte fine—to—-medium~—groined cross—bedded sondstone;
& Lyons .- S : . conglomerctic ienses frequent
o —— Red, fi oe-to-—coome rained sandstone ond conglomerale; orkosic; thin,
g . o ) le:\%cular red s:rtslon:g frequent throughout ond
= Fountain S
> {2
=z
o
a
U.S. DEPARTMENT OF ENERGY
Rocky Flats Plant, Golden, Coiorado
. . OPERABLE UNIT 5
PRECAMBRIAN Gneiss, schist, and smoll PHASE | RFI/RI WORK PLAN
granite intrusions

GENERALIZED STRATIGRAPHIC SECTION
OF THE DENVER BASIN BEDROCK

(modified from: Weimer, 1973) FIGURE 1-3 MARCH 1991




-,A . Eapwa

R33054A.PJ-012291

3

Rocky Flats Alluvium
o-90"

sand #1: ©0-27.2°
sand €2: 0-10°

sand €3: ©G-16°
sanc 84: 0-15°
sanc #5: 0-9%'e

Arapahoe Formation
250

besal sand: 14-37°

upper interval
407

Laramie Pormation
€932

lower interval
285"

1080—

Pox Hills Sandstone
80"

LEGEND
Alluvium

Fine-grained and
coerser sandstone

Siltstone and
claystone

m 0

Coel

Fine—grained
sandstone

Silty sandstone

EG&G, 1991

Clayey Sandy Graveis -

light brown to yellowish-orunge. gr-ys-‘h-cr‘.nq. to dark
rey. poorly sorted, angular to subroubded, cobbles,
coarse gruvels, coarse sasds and gravelly clays; warying
amounts of caliche

Claystone Siltstones, Clayey Sandstones,
Sandstone -

light to TN clive-gray with soms dark olive-black
clsyetove and silty claystone and at least six smppeble,
1igbt to olive-gray, very fine tc medium grained.
me-garately sorted fluvial sandstone intervals: weathered
iztervals may be yellowed, and basal sand is often
cobglomerstic

Claystones -

kaclimitic. light to medium gray claystone and sjiltstone
and sose dark gray to black carbonacecus claystone, thin
(2} coals and tdin discontimuous sandstoce istervals

Claystones, Sandstones and Coals -

light to medium gray, fipe to coarse grained, poorly to
soderately sorted, silty, immature quartzitic sandstone
with mmmerous lenticular, sub-bituminous coal beds and
sears That range from 2' thick it the upper lower
interval to €° thick at the base of the lower interval

Sandstones -

gruyish-orange to lignt gray. calcareous, fine grained.
subrounded, glauconitic. feldspsthic, friable sandstone

‘ Pierre Shale and clder units

U.S. DEPARTMENT OF ENERGY
Bocky Flots Piant, Goiden, Colorodo

OPERABLE UNIT 5
PHASE | RFI/RI WORK PLAN

LOCAL STRATIGRAPHIC SECTION
OF THE ROCKY FLATS PLANT

FIGURE 1-4 MARCH 1991
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intermittently. The Rocky Flats Alluvium thins and discontinues east of the Plant boundary and,
therefore, does not directly supply water to wells located downgradient of the Rocky Flats Plant.

1.3.6.2 Other Alluvial and Colluvial Deposits

Various other alluvial deposits occur topographically below and east of the Rocky Flats Alluvium in the
drainages of the Rocky Flats Plant. Colluvium (slope wash) mantles the valley side siopes between the
Rocky Flats Alluvium and the valley bottoms. The colluvium is a-product of mass wasting that collects
on the sides and at the base of hills and slopes. These depositertend o be poorly sorted mixtures of
soil debris from bedrock clay and sand, mixed with gravel and: cobbles derived from the older alluvium
which caps the hills and ridges (Hurr 1976). The colluwum varies from a few inches to several feet in
thickness and rests on bedrock and other aliuvial matenal In addition to the coliuvium, remnants of
younger terrace deposits including the Verdos, Slocum,and Louviers alluvial deposits occur occasionally
along the valley side slopes. Recent valley fill auuviun_j ooCurs in the active stream channels.

Unconfined groundwater flow occurs in these surficial oepos“ifs Recharge occurs through precipitation,
infiltration from streams during periods of. surface water runoff; and by seeps discharging from the Rocky
Flats Alluvium. Discharge occurs through evapotransplratlon and by seepage into other geologic
formations, subcrops, and streams. The dlrectton of , groundwater fiow is generally to the east and
downslope through colluvial materials, and' then along the course of the stream in valiey fill materials.
During periods of high surface water flow, some of the water is lost to bank storage in the valley fill
alluvium and then returns to the stream after the runoff subsides.

1.3.6.3 Arapahoe Forrnajion

Underlying most of the surhcral unrts at the Rocky Flats Plant is the Cretaceous Arapahoe Forrnatron

silty sandstones beneath the plant Geologlc characterization of the Arapahoe Formation beneath Rocky
Flats indicates sandstones oocur in stream channel-shaped structures. Formation thickness varies but
maximum thickness is approkinﬁate!y 270 feet (Robson et al. 1981a), and the unit is nearly horizontal
beneath the plant (less than 2° dip) (EG&G 1990g and 1990e). Predominantly claystones, which were
deposited as o\rerb_ank ,.depo"sits, comprise the Arapahoe Formation. The sandstone in the upper
Arapahoe Formation 'wasvde’posited by a complex system of meandering streams flowing generally west
to east off the Front Range. The lower Arapahoe sandstones were deposited by braided stream
systems. These occasional lenticular sandstone units in the Arapahoe Formation are composed
predominately of fine-grained sands and silts, and their hydraulic conductivity is equivalent to or less
than that of the overlying Rocky Flats Alluvium. The Arapahoe Formation described by earlier RFi/RI
studies contains more clay and silt than typically described for other areas within the Denver Basin.

Phase | RFi/RI Work Plan - Woman Creek Priority Drainage Final Dratt
Roacky Flats Plant, Golden, Colersde March 21, 1891
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There is a similarity of the siltstones and claystones beneath Rocky Flats of those of the Laramie
Formation.

The Arapahoe Formation is recharged by groundwater from overlying surficial deposits and infiltration
from streams. The main recharge areas are under the Rocky Flats Alluvium although limited recharge
from the colluvium and valley fill alluvium likely occurs along the stream valleys (U.S. DOE 1990a).
Recharge is greatest during the spring and early summer, when rainfall and stream flow are at a
maximum and water levels in the Rocky Flats Alluvium are high. Groundwater movement on a regional
basis is from west to east, in the Arapahoe Formation, although-thé'groundwater fiow regime in the
bedrock has generally not yet been characterized. Regionall;?, groundWatgr" fiow in the Arapahoe
Formation is toward the South Platte River in the center.of the Denver Basin (Rob_s'on et al. 1981a).

1.3.6.4 Laramie Formation and Fox Hills Sandstone

The Laramie Formation underlies the Arapahoe Fbrmafi'oh and is a continental deposit composed of a
thick upper claystone unit and lower sandstone unit and coal interval. The claystone is greater than 700
feet thick and is of very low hydraulic conductlvrty therefore, the U S. Geological Survey (Hurr 1976)
concluded that Plant operations will not. |mpact any units below the upper claystone unit of the Laramie
Formation. : :

The lower sandstone unit of the Laramie Formatxon which is approximately 90 feet thick, and the
underlying Fox Hills Sandstone form a regionally important aquifer in the Denver Basin known as the
Laramie-Fox Hills Aqurfer Near the: icenter of the basin, the aquifer thickness ranges from 200 to 300
feet. West of the plant, the Laram;e- ox Hills Aquifer can be seen in clay pits excavated through the
Rocky Flats Alluvium. The steeply dtpp'iﬁg beds of these units west of the plant (approximately a 50°
dip) quickly fiatten to the east (less than 2° dip) (EG&G 1990g and 1990e). Recharge to this aquifer
occurs along the-rather’ hmxted outcrop area exposed to surface water flow and infiltration along the

Front Range {Robson et al. ‘1981b).

Phase | RFI/RI Work Pian - Woman Creek Priority Drainage Final Draft
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PRELIMINARY SITE CHARACTERIZATION

Ten Individual Hazardous Substance Sites (IHSSs), geographically located along or within the drainage
areas of Woman Creek (Figure 2-1), have been designated as Operable Unit 5 (OU5). These IHSSs are
identified in the Environmental Restoration Interagency Agreemem‘(lAG‘), dated January 22, 1991, as
the Original Landfill (IHSS 115), Ash Pits, Incinerator area, and Cdncrete Wash Pad (IHSSs 133.1
through 133.6), Detention Ponds C-1 and C-2 (IHSSs 142.10 and 142. 11) and a Surface Disturbance
(IHSS 209). Ponds C-1 and C-2 are the only IHSSs located on Woman Creek .The remaining eight
IHSSs are located along the banks and/or upland areas that drain into Woman Creek or into the South
Interceptor Ditch (SID). In addition 1o these ten IHSSs, a surface disturbance south of the Ash Pits
(IHSS 133) will also be investigated in the Phase | OU5 investigation.

The initial step in the development of the OUS work p@ia'h*v'ves a review of existing information. Available
historical and background data for each IHSS were cell'ectea"through a literature search, which included
references at the Rocky Flats Public Readmg Room and vanous hbranes within the Rocky Flats Plant,
and a review of the RFEDS. Informatnon concermng exnstung alluvial and bedrock groundwater
monitoring wells within the Woman Creek dramage have been-collected for this work plan (Table 2- -1).
Personal communications with plant personnel were ‘also Used as a source of information during the
background data review so that each IHSS could be better described.

The ten IHSSs are dlscussed in detall m the followmg subsectlons The location and description of each
IHSS, the history of use, surface dralv_ ge, “nature of contamination, previous investigations conducted

at or near the individual IHSSs geology, and hydrology are discussed. The Ash Pits, Incinerator, and
Concrete Wash Pad are grouped together in the following discussions, as are Ponds C-1 and C-2 since

ona prehmmary review of hlstoncal aerial photographs (U.S. EPA 1988b) and the historical operations
of the unit. The boundaries for each IHSS in this work plan are the same as those established in the
IAG except for the Original Landfil (IHSS 115) and the Surface Disturbance (IHSS 209). The southern
boundary of the Original Landfill has been extended approximately 150 feet toward the south across the
SID based on a site reconnaissance. The Surface Disturbance boundary was extended to the north and
southwest based on a site reconnaissance and aerial photographs. Where previous investigations have
been conducted at or near a unit, some of the analytical data are included for reference in the following
sections. The inclusion of these data Is for informational purposes only. No conclusions are made in
this work plan regarding the presence or absence of contamination based on these data. The geology
of each IHSS is based on the lithology of nearby wells, personal communications with EG&G personnel,
and the Draft Geologic Characterization Report prepared by EG&G (EG&G 1990g). In addition to the
review of each IHSS, a conceptual model for each IHSS or similar IHSSs was then developed based

Pnase | RFI/R! Work Plan - Women Creek Priority Drsinage Final Draft
Rocky Fists Plant, Golden, Colorado March 21, 1981
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ALLUVIAL AND BEDROCK GROUNDWATER

TABLE 2-1

WELLS IN THE VICINITY OF OPERABLE UNIT NO. §

Well Ground Total Depth  Formation = Depth to Depth to
Number Status Surface (feet) Completed Bedrock Bottom of
Elevation In Screen

B402689 1 6045.40 5.85 Qvf . 2.80 2.55-3.28
1474 2 5993.30 5.74 s

5686 1 5977.16 9.60 - 70 2.60-9.60
5786 1 5950.77 675 - Quf 6.0 2.50-6.50
7086 1 5929.79 790~ Quf 7.0 2.36-7.90
0481 2 5944.30 541 -

P416889 3,4 6017.4 21.52 Qrf 20.20 15.86-20.27
P416789 3,4 6027.80  28.20 Qrf 26.40 22.48-26.90
P416589 3,4 6041.20 3210 Qrf 30.50 27.04-31.0
P416489 3,4 6048.50 2698 e Qrf 25.20 21.27-25.70
P416389 4 6055.40 3140 Qrf 29.80 25.69-30.10
B405289 15965760 \'43‘.0"‘:-.‘ Kss(u) 10.30 41.24-45.67
B405189 1 596790 24.45 Kel 8.20 13.20-22.69
B405889 1 " / 60_‘24..9_0.,;. 46,75 Kss(w) 6.50 36.04-45.50
B402189 13 602460 2460  Kss(w) 7.50 13.5-22.90
B405989 B 60125‘:50__,_ 8.50 Qc 6.20 2.80-6.70
B401989 602560 . 22.65 Qe 20.50 6.55-21.00
B302089 13 5907.50 15.0 Qc 13.50 3.85-13.30
5886 1 5888.89 3.50 Qvf 3.0 1.50-3.50
4886 17 6096.68 207.07 Kss(w) 70.0 191.99-207.07
B301889 1,3 - 5866.80 24.45 Qc 22.30 13.16-22.60
B304789 1 5867.50 39.14 Kel 22.90 27.90-37.57
6486 1 5834.48 9.0 Qvf 8.80 3.41-9.0
6586 1 5782.75 8.0 Qvf 7.10 2.50-8.0
1674 1 5767.50 5.41 -

3087BR 1 5811.87 16.0 Kss(u) 16.0 85.79-94.35
Phese | RF/RI Work Plan - Weman Cresk Prierity Drainage Final Drat
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TABLE 2-1
(Continued)

ALLUVIAL AND BEDROCK GROUNDWATER
WELLS IN THE VICINITY OF OPERABLE UNIT NO. §

Well Ground Total Depth ~ Formation ~Depth to Depth to
Number Status Surface (feet) Completed -~ Bedrock Bottom of
Elevation In : Screen
2987 1 5812.42 20.50 Q' . 19.80 3.50-20.30
1487BR 1 5855.0 2430 Kssw) 520 19.0-24.05
6386 1 5900.40 1550 Qe 1480~ 3.80-15.25
6286 1 5897.54 35.19 Kss(w) 22.0 25.22-35.19
4787 1 5882.72 7.50 S e 7.0 3.50-7.25
4887 1 5909.94 10"‘;30_}'}: o’ Qe 9.80 3.50-10.05
o s 1990 Qe 19.50 3.51-19.47
0287 i 5930.56 . 9.32 Q 8.75 3.22-9.08
£086 . 5921.194,-.,:‘ 140 Qe " 13.30 3.0-14.0
0887BR 1 5919.70 . “'"89-,34: T Kss(u) 8.70 84.0-89.02
5986BR 1 5919.90 :‘»2}§.qu‘: Qe 29.50 20.10-27.30
5986 2 591432, 280 . Kssw) 7.50 19.0-28.0
0387BR 17 593058 . 1080  Kss(u 20.0 102.80-107.75
Source (EG&G 1990d) . - ya
NOTES:
Key toWell LI;r”r‘xber:.v Préﬁx P- 1989 well within plant security area

Key to.Status:

Key to Geologic Strata:

:Prefix B - 1989 well in the Buffer Zone
Suffix BR - Bedrock well prior to 1989

“1- Active
2 - Inactive
3 - Borehole Sampled
4 - Observation Well

Qvf - Valley fill alluvium

Qrf - Rocky flats alluvium

Qc - Colluvium

Kcl - Bedrock Claystone
Kss(u) - Bedrock unweathered sandstone
Kss(w) - Bedrock weathered sandstone

Phase { RAM! Work Plan - Woman Cresk Prierity Drainege
Recky Fats Plant, Golden, Celorade
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Finel Dreft
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on the existing data for each. These models identify and describe contaminant sources, potential
migration and exposure pathways, and receptors.

Also discussed in the following section is the Woman Creek drainage system adjacent to the plant site.
Woman Creek is the drainage system that provides a common physical setting for all the IHSSs in OUS.

2.1 WOMAN CREEK

The Rocky Flats Plant is geographically located on a platea'u“ and is bounded on the south by the
Woman Creek drainage (Figure 2-1). Woman Creek flows from west to east thrbugh the Rocky Flats
facility and into Standley Lake Reservoir and Mower Reservoir about 1 % miles from the facility’s eastern
boundary (Figure 1-2). Woman Creek originates near Coal Creek approximately 1% miles to the west
of Highway 83. Near the west boundary of the plant facility, within the buffer zones, Woman Creek
crosses under the South Boulder diversion canal. The canal cross over Is constructed of wood and
presently contributes water to Woman Creek due‘t’oleé‘kag‘_e. Other waters which enter into Woman
Creek within the buffer zone include upstream runoff and. ,vya'ter_.:_i_breleased from the Rocky Flats Lake.
Water is released from Rocky Flats Lakes-into Woman Creek -v-bvy,'.fa local rancher as part of his water
rights agreement. This flow is diverte&:gut-e.gfWofnéh"Cree}g_gp Mower Reservoir below Pond C-2.

The natural drainage of Woman Creek has b"egn"s'or_ne';fvhat modified in the QU5 area by the construction
of Ponds C-1 (IHSS 142.10) and C-2 (IHSS '142.11) and the SID south of the plant site. Currently,
Woman Creek flows easgward”"thrgu‘gh OUS in.its natural stream channe! to Detention Pond C-1
(IHSS 142.10) (Figure 2-.1:')._, The pufpoée.,:of Defgentidn Pond C-1 is for stormwater management and for

sampling and monitoring ‘of the _viater:vupstream in Woman Creek. Water is rarely retained within this
pond as the outlet or gate is usUaIly open and the water is allowed to flow through the pond. The water
consequently flows in.its natural vchannel until just west of Pond C-2 where it is diverted around Pond
C2bya diversi'b_n canal Downgradiént and to the east of Pond C-2, approximately two thirds of the
water is diverted from Woman Creek's main channel into an unnamed ditch to Mower Reservoir. The
remaining flow continues to fiow downstream in Woman Creek and into Standley Lake Reservoir.

In 1980, the SID was constructed upslope (to the north) of Woman Creek (Figure 2-1). The SID was
built to intercept surface runoff from the plant site. A berm was constructed on the downslope side of
the SID to contain the water flowing in this ditch. Since construction of the SID in 1980, Woman Creek
has not received runoff directly from the southern part of the plant facility. Surface water fiow in the SID
is intermittent and usually occurs only following precipitation events or snow melt. When fiow is low,
water tends to pond in several areas of the ditch. The SID begins approximately 200 feet east of the
Ash Pits and runs for almost 2 miles to Detention Pond C-2 (IHSS 412.11) (Figure 2-1). Just upslope
of Pond C-2, the water flowing in the SID crosses over Woman Creek and fiows into Detention Pond

Phase | RFI/RI Work Plan - Woman Creek Priority Drainage Finel Draft
Rocky Fists Plent, Golden, Coloredo Maerch 21, 1881
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C-2. As-built drawings for Pond C-2 are presented in Appendix A of this work plan. In Pond C-2, the
water is sampled and analyzed monthly and discharged according to a National Pollutant Discharge
Elimination System (NPDES) permit (Permit Number CO-0001333). The water discharged from Pond
C-2 is pumped via pipeline to the Broomfield Diversion Ditch, which carries the water around Great
Western Reservoir into Big Dry Creek. Prior to construction of this pipeline in August 1989, surface
water from Pond C-2 was discharged to Woman Creek. '

The Woman Creek drainage is included in the Plant-wide Radioactive Ambient Air Monitoring Program
(EG&G 1991b). Monitoring stations for this program are shownon Fi"gure_»2-1.,__

2.2 ORIGINAL LANDFILL (IHSS 115)
2.2.1 Location and Description

The Original Landfill is located within the buffer zone juét south of the Rocky Flats Plant security area
and south of the west access road (Figure 2-2). 1t is Iocatéd 250 feet north of Woman Creek on a
moderately to steeply sloping south- facmg hillside. The boundary of the landfill has been determined
principally from historic aerial photographs and from the operational history of this unit. The landfill is
approximately 240,000 square feet (5.5 acres) (anure 2-2)...The southern boundary of this IHSS has
been extended farther south for the purpose of thls work plan since it is now believed that wastes may
be south of the SID. Elevatlons -of. thls IHSS range from about 5,980 feet to 6,040 feet.

2.2.2 History

The Original Landfi II was ln operatnon from 1952 to 1968 and was used to dispose of general wastes
generated at the Rocky Flats Plant it is estimated that 2 million cubic feet of miscellaneous Plant
wastes are buned inthe Iandfnll mcludmg such things as solvents, paints, paint thinners, oil, pesticides,
and clean»ers (Rockwell 1988).: - These wastes were not considered hazardous prior to 1968, when they
were placed in the landfill. The landfill also received beryllium and/or uranium wastes and may originally
have been uséd asa graphite dump it is reported that ash containing an estimated 20 kilograms (kg)
of depleted uramum (. S. DOE 1986b), produced when 60 kg of depleted uranium were inadvertently
burned, was buried within the landfill. Small quantities of various other chemicals are also believed to
be buried within the landfill (Rockwell 1888). in a previous report, several sealed drums were reported
to have been present on the north side of the landfill based on an interpretation of a 1969 aerial
photograph (Rockwell 1988). In 1978, the surface over the entire landfill appeared very hummocky. A
letter, dated August 23, 1979, from Rockwell International to DOE, stated that hot spots containing
depleted uranium were uncovered in the landfill. All hot spots were removed from the landfill in one box
of soil during July 1979 (Rockwell 1979). By 1980 the SID had been built across the southern tip of the
landfill.

Phase | RFI/RI Work Pian - Woman Creek Priority Drainage Final Draft
Rocky Flets Pient, Goiden, Colorado March 21, 1801
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An evaporation/settling pond, that was used for backflushing sand filters from the water treatment facility
(Building 124), was located approximately 25 feet southwest of the present surface water location SW-
37(Rockwell 1988) (Figure 2-2). This pond was visible in a 1955 aerial photograph, but by 1964 this
pond was no longer present and the area had been covered by fill. Several other activities at the landfill
are apparent from aerial photographs of the area (U.S. EPA 1988b). A surface disturbance area east
of the landfill was active in the 1964 aerial photograph (Figure 2-2) Little documented historical
information is available concerning this area; however, this area may have served as a storage yard for
pipes and scrap metal. in addition, soil appears to have been placed in this area as substantial mounds
of debris are noted in this area in the 1969 and 1971 aerial photographs (U S EPA 1988b)

The landfill was closed with a soil cover; however, a’:i)ottom liner was not installed. Details of the
construction of the surface cover are not available, nor is the year the cover was installed. A few years
ago, the slope on the south side of the landfill was regraded to correct sloughing and erosion-related
problems. The surface of the landfill is currently hummocky and irregular.

Two 3-foot-diameter corrugated metal pipes protrude from he_landfill (Figure 2-2). No flow was

observed from these pipes during several ‘site visits in 1990. The' west pipe appears to be connected
to an abandoned storm drain constructed wrth 15 nch vrtrmed clay pipe (Rockwell 1988). The pipe to
the east is reported to be connected to a' 36 mch emforced concrete pipe, which is connected to the
footing drains of Building 460 and possrbly several drarnage pipes on the plant site (U.S. DOE 1987).
Currently, the surface outfall of this® prpe does not appear to be connected to a drainage pipe. In July
1986, after a major ramstorm seepage began emergmg from the Original Landfill (U.S. DOE 1987). This

seepage was recognfzed Dunng a"slte-visit..in February 1988, water was heard flowing within this
eastern pipe (Rockwell 198§ in addmon a berm structure was constructed south of the SID to prevent
surface runoff from crossmo the SID dunng a major storm event. A containment embankment was
constructed near the- eastem most outfan pipe to stabilize the irregular and hummocky surface that
existed at the landfrll however detarls of this construction are not available.

2.2.3 S'ﬁﬁa,gé"'nmimge

The upslope area that dréinsyacross the Original Landfill ({(HSS 115) is small with downslope fiow coming
principally from south of the west access road (200 feet to the north of the Original Landfill). Surface
runoff across IHSS 115, therefore, is minimal, with runoff from this IHSS flowing downslope to the south
where it empties into the SID (Figure 2-2). The moderate to steep slope of the landfill typically results
in relatively rapid flow of surface water across this unit and limits the amount of ponding that occurs.
The SID is located approximately 300 feet upslope of Woman Creek and collects almost all of the
surface runoff from the landfill (Figure 2-2). Water in the SID flows eastward to Detention Pond C-2
(IHSS 142.11) approximately 1% miles to the east (IHSS 142.11, Section 2.4).

Phase 1 RFI/Rl Work Pian - Womaen Creek Priority Drasinage Final Draft
Rocky Fists Plant, Goiden, Colorado March 21, 1981
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2.2.4 Nature of Contamination and Previous Investigations

Chemicals that may have been placed in this landfill include commonly used solvents, such as
trichloroethylene, carbon tetrachloride, tetrachloroethylene, petroleum distillates, 1,1,1-trichloroethane,
dichloromethane, benzene, paint and paint thinners. Metals such as, berylllum uranium, lead, and
chromium may also be present (Rockwell 1988). Accurate records of any ‘further wastes placed in this
landfill are not available and no additional site-specific lnvestugatlons ‘have taken place except for a
gamma radiation survey that was recently conducted over the: landﬂll by EG&G The results of this
study are still in progress. ¢

To provide some background data for this area, analytlcal results from groundwater samples collected
in monitoring well 7086 during 1989 were reviewed. Thls ‘well s located downslope of the landfill and
just north of Woman Creek (Figure 2-2). The maxrmurn concentration detected for most analytes has
been tabulated and can be found in Table 2-2. These data A ere obtained from the RFEDS. Most of the
analytical data have not yet been validated; consequently, there are uncertainties in the unvalidated data.
Volatile organic compounds (VOCs) have been detected: by a Photoronlzatlon detector (PID) in the head
space of wells 7086 and 5786 immediately after removal-.of ‘the protective well cap. Organic
concentrations measured by the PID rang ' nd 20° ppm (Rockwell 1988).

2.2.5 Geology and Hydrology

The geology near the Onglna Landflll as been charactenzed from the information obtained from nearby
monitoring wells and by the §eneral knowledge ofthe geologic setting of the Rocky Flats site. Six
groundwater monrtonng wells (0481 5786, B416689, P416589, and P416489) have been installed
near the Original Landfill (Frgure "2-_ . “there are no wells within IHSS 115, so specific data on
the geology and hydrogeology beneath the landfill are lacking.

A north-to-sout 0s ction thr ugﬁgthe Original Landfili area is shown in Figure 2-3. The three
geologic unrts that are present beneath the Original Landfill are colluvium, Rocky Flats Altuvium, and the
Arapahoe Formatlon The nature and thickness of these formations beneath the landfill area are
unknown as the nearby monrtormg wells are located on the plateau above the Original Landfill or along
the Woman Creek- dramage “The erosion and depositional processes in these two areas are different
from the sloping area where the Original Landfill is located. Therefore, the thickness and depth of these
formations beneath the landfill can only be estimated. in the following subsections each of the three
formations present (coliuvium, Rocky Flats Alluvium, and Arapahoe Formation) and the hydrogeology
near the landfill are discussed.

Phase ! RFI/RI Work Plan - Woman Creek Priority Drsinage Final Draft
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TABLE 2-2

MAXIMUM CONCENTRATIONS IN GROUNDWATER SAMPLES
COLLECTED FROM WELL 7086 IN 1989

Analyte }
Radionuclides Concentration® (pCi/l)
Americium-241 0.003 = 0.004
Gross Alpha 2.8
Gross Alpha (Filtered) 0.7

Gross Beta

Gross Beta (Filtered)
Tritium

Strontium-20
Uranium-235
Uranium-238

+

.
b
+

Concentration¥(mg/l)
0.475'

0.9831
0.2922

Metals
l fron
Magnesium
Manganese
' Strontium
i Sulfate
Selenium
» Zinc
I Mercury
Barium
Sodium
' Calciu

Concentration’ ]
3.0

Concentration® (mag/l)
16.7

3.520'
54.3'
186.0

Concentration® (ma/l)
285.0 .

Note: ‘Concentration validated
*Concentration is acceptable with qualifications
*Potential applicable or relevant and appropriate requirements for
OUs are presented in Section 3.0.

Source: (EG&G 1930d)
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Colluvium

Colluvial deposits are thought to exist beneath the Original Landfill based on their presence on similar
sloping areas of the Rocky Flats facility. The colluvium is typically deposited by slope wash and
downslope creep of the Rocky Flats Alluvium and/or the Arapahoe Formation. These deposits tend to
be poorly sorted mixtures of soil and debris from bedrock clay and sand mb<ed with gravel and cobbles
of the alluvium. The thickness of colluvium beneath the landfill is un[(nown but the colluvium and the
Rocky Flats Alluvium are likely to be less than 25 feet thick. A combined thickness isopach map of the
colluvium and Rocky Flats Alluvium is shown in Figure 2-4. "

Rocky Flats Alluvium

The Rocky Flats Alluvium consists of multicolored poorly sorted gravelly sandy clays to gravelly clayey
sands with subangular grains and scattered cobbles fThtsv |s the oldest and topographically highest
alluvial deposit at the Rocky Flats Plant. The Rocky lats Gvium unconformably overlies all the older
bedrock formations. The Alluvium generally slopes ts'\"the east (Hurr 1976).

The thickness of the Rocky Flats Alluwum
likely to be approximately 20 to 25 feet'tf
monitoring wells P416489 and P416589 no th

w 'the- Ongmal Landfill is unknown; however, this unit is
‘based on_the thickness of the Rocky Flats Alluvium in
the Aandfill.”

Arapahoe Formation

The Arapahoe Formation ( Is~adjacent to the Original Landfill is a fairly uniform
yellowish-orange to hght ohve~gra Yy :laystonel“iﬁét is weathered near its top. The depth to this formation
in the vicinity of the Ongmal Landﬁu vanes but generally becomes shallower to the south toward Woman
Creek drainage. s;'the Arapahoe Formation has been encountered from 6 to 30 feet below
the grounq,.sbrfa“ce. '

Hydro é of the Ori inai Léndfm

The uppermost aqurfer beneath the landfill is likely to be colluvium and possibly Rocky Flats Alluvium.
The groundwater level is probably between 10 to 20 feet below the ground surface in this area and
under unconfined conditions. Fluctuations in the groundwater level occur on a seasonal basis (Rockwell
1988).
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The hydraulic gradient in the colluvium and Rocky Flats Aliuvium aquifer beneath the Landfill is to the
southeast (Figure 2-5). This groundwater gradient is principally controlled by the erosional surface of
the underlying Arapahoe Formation. Generally, in steeply sloping areas of the site, such as the area of
the Landfill, the groundwater in the Rocky Flat Alluvium and colluvium flows downslope along the fairy
impermeable surface of the underlying Arapahoe Formation until it reaches Woman Creek. At Woman
Creek the hydraulic gradient changes to the east and parallels the Worrtan Creek drainage.

The lithology of the Arapahoe Formation beneath the landfill, rf sumilar 1o the lithology encountered in
upgradient and downgradient wells near the landfill, is a claystone and Is faily impermeable.
Groundwater in the overlying alluvium is thus not expected to. migrate srgnrfrcantly downward into the
Arapahoe Formation. However, within the uppermost section of the Arapahoe Formatron as observed
at several locations beneath the Plant Site, subcropping sandstones have been encountered. Further
characterization of the lithologic nature of the bedrock beneath this IHSS, is therefore, needed.

23 ASH PITS 1-4 (IHSSs 133.1, 133.2, 133. 133, 4); INCINERATOR (IHSS 133.5),
AND CONCRETE WASH PAD (JHSS 133. 6) S

There are six IHSSs discussed togethe;ln
the Concrete Wash Pad). These six IHSS
each other and interrelated histories.

ollowing subsections (four Ash Pits, the Incinerator and
ave-been grouped together because of their proximity to

2.3.1 Location and Description ™

The Incinerator, Ash Pits, and Concrete Wash Pad are located south-southwest of the main security area
of the Rocky Flats Plant south of the west" access road and north of Woman Creek (Figure 2-6). The
locations of these IHSSs’ are deﬂned from historic aerial photographs. The Incinerator, which had a 10-
to 20-foot stack, was’ |ocated a!ong the plant’s original west boundary, off the west access road. The
Ash Pits are: located tothe east and. Concrete Wash Pad to the southwest of the Incinerator. Ash Pits
1,23, and 4 (IHSSs 133.1, 133 2, 133.3, and 133.4) are approximately 8 feet wide by 150 feet long and
3 feet deep However these Ash Pits may be larger as the exact boundaries and dimensions of each
unit are somewhat undefined (U S. DOE 1987). The four Ash Pits are located on a relatively flat surface
and are currently.. oovered by tall grasses (Figure 2-6).

The Incinerator area (IH§S 133.5) occupies approximately 4,000 square feet and the Concrete Wash Pad
(IHSS 133.6) covers an area of about 33,000 square feet. These two IHSSs are located west of the four
Ash Pits. The Concrete Wash Pad has an extremely irregular hummocky surface that siopes gently to
the south toward Woman Creek.
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The distance from these IHSSs to Woman Creek varies from about 25 feet to 630 feet with the Concrete
Wash Pad being the closest to Woman Creek (Figure 2-6). A steep slope is present just north of the
Ash Pits and the incinerator area. A dirt road crosses Ash Pit 3 (IHSS 133.3).

2.3.2 History

The Incinerator (IHSS 133.5) was used to burn general plant waéte?s_'* between the 1950s and 1968.
Depleted uranium is also believed to have been burned in the inéineratbr (Rockwell 1988). A review of
aerial photographs revealed that the Incinerator was removed. by 1971 and the entlre area was beginning
to revegetate (U.S. EPA 1988b). Ashes from the Incinerator were placed into'the Ash Pits (IHSSs 133.1
through 133.4) or were pushed over the side of the hill into the Woman Creek dralnage and/or onto the
Concrete Wash Pad (IHSS 133.6) (Rockwell 1988). Followung the shutdown of the Incinerator after 1968,
the Ash Pits were covered with fill (Rockwell 1988 however lnformatlon about the material used in the
construction of the cover is unavailable.

The history of the Concrete Wash Pad has not been as w »documented as the Ash Pits or Incinerator
area. It appears that this area was usedto dispose of waste concrete from the concrete trucks involved
in the construction activities of the plant facmty. It is also.likely that the concrete trucks were washed
down in this area after delrvermg concrete:

2.3.3

Surface Drainage

surface water- w:th the matenals that may be present. The surface runoff from these IHSSs fiows into
Woman Creek to the south . The SiD originates approximately 200 feet east of these IHSSs and
therefore does not divert any of the runoff coming from these units. The runoff from these IHSSs, after
draininginto Woman Creek, ﬂows into Pond C-1 (IHSS 142.10). The water is sampled and analyzed
from this pond on a monthly basis; however, the water is usually not detained within the pond but
allowed to flow downstream into Woman Creek.

2.3.4 Nature of Contamination and Previous Investigations

The history of the Ash Pits, Incinerator area, and Concrete Wash Pad is not entirely known because few
records were kept of their operations. It is, known, however, that general combustible wastes from the
Rocky Flats plants facility were burned in the Incinerator along with an estin-ated 100 grams of depleted
uranium (Owen 1973). The ashes from the Incinerator were disposed in the Ash Pits. At the Concrete
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Wash Pad Area (IHSS 133.6), potentially contaminated materials consist of concrete debris and
occasional ashes from the Incinerator that were reported to have been pushed over the side of the hill
onto the Concrete Wash Pad area (Rockweli 1988).

A rayscope survey was conducted over Ash Pit 3 (IHSS 133.3) prior to 1973 and the results of this
survey detected metals (type unknown) (U.S. DOE 1987). No documentatlon exists as to whether the
other ash pits (IHSSs 133.1, 133.2, and 133.4) had a rayscope su_rvey_done over their surfaces.

Groundwater samples collected from monitoring well 5686 dunng 1989 provrde some groundwater
quality data for this area. This well is located between the.Ash Pits and. Woman Creek (500 feet
downgradient of IHSS 133.3) (Figure 2-6). The maxnmum concentratron for the. analytes tested have
been tabulated in Table 2-3. §F

2.3.5 Geology and Hydrology

The geology near and beneath the Ash Pits and Incmerator area (IHSSs 133.1 through 133.5) is likely
to be similar to the geology that underiies.the Original Landﬁil |ocated 500 feet to the east and on the
same sloping hillside (see Subsectlon 22, 5).“'\':” he-.geologic Units present in this area include the
colluvium, Rocky Flats Alluvium, and the‘- rapahoe Fo * For a detailed lithologic description of
each of these rock units, see subsection 2. 2 5. T e thickness of these geologic units near this area is
unknown since the three closest monitoring wells (1474 5686, and B402689) have been drilled within
the Woman Creek dralnage""rtselv and thus encountered somewhat different geologic conditions,
However, the colluvium and Rocky Flats Alluvium'have been estimated to be less than 20 feet in this
area based on an lsopach map th c\olluvrumr_gand Rocky Flats Alluvium in the vicinity of the Original
Landfill (Figure 2-4). °

The geology below ( sh.Pad may be slightly different than the Ash Pits and Incinerator
area since thls unit closer to the Woman Creek drainage. The geology within the Woman Creek
dramage cons:sts of approxnmately 2 to 8 feet of valley fill alluvium overlying the Arapahoe Formation.
Valley fill alluvrum a few feet thrck was encountered in well B402689, located approximately 1,000 feet
upgradrent (west) of the Concrete Wash Pad within the Woman Creek drainage area. The valley fill
alluvium in this well i rs descnbed as an unconsolidated dark brown gravel. The Arapahoe Formation is
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TABLE 2-3

MAXIMUM CONCENTRATION DETECTED IN GROUNDWATER SAMPLES

COLLECTED IN WELL 5686 IN 1989

Analvte

Radionuclides
Cesium
Gross Alpha
Gross Beta
Tritium
Plutonium - 239
Strontium - 80
Uranium - 235
Uranium - 238

Metals
Antimony
Arsenic
fron
Magnesium
Manganese
Strontium
Aluminum
Copper
Barium
Calcium
Sodium

Organics ,
Tetrachloroethylene

Anions and Cangn
Carbonate Hydroge

ncentr. tlon Cil

017 = 048
10 = 10

2 ¥ 28

0.007
0.44
0.27
0.27

Concentration® (ug/l)
5.0'

Concentration® (mg/l)
09.7

~ Chloride ™ 51.4'
4 Nitrate/Nitrite 0.07'
. Potassium 1.35
B Sulfate 20.4'
lndtcator v Concentration® (ma/!)
Total Dlssolved Solids 200°

Note: ' Concentration validated
2 Concentration is acceptable with qualifications

* Potential applicable or relevant and appropriate requurements for OUS are presented in

Section 3.0
Source: (EG&G 1990d)
MlRHNWﬁM-WMWMD’M
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a grayish-orange slightly silty claystone, that is calcareous. Beneath the northern part of the Concrete
Wash Pad, colluvium/Rocky Flats Alluvium may exist because this area Is close to the sloping hillside
where these units are present.

There are no wells immediately adjacent to or on IHSSs 133.1 through 133.6, so specific hydrogeologic
data beneath this area is lacking. Based on the lithology of wells in the viéinity, however, it is estimated
that the uppermost aquifer underlying these IHSSs is the colluvium'/Ro_cky Flats Alluvium and valley fill
alluvium. Groundwater occurs 4 to 8 feet below ground surface (RocfiWell 1988). Groundwater flow
direction near these IHSSs Is probably toward the Woman Creek dramage Adjacent to Woman Creek,
the flow direction changes to the east, similar to the Woman Creek flow directlon (Figure 2-5). The
Arapahoe Formation which underlies these surficial un!ts has not been characterized in this area.
Therefore, the lithology of the Arapahoe Formation_%wou!d need to be determined to evaluate possible
hydraulic communication, if any, between the bedrock and -uppermost aquifer.

2.4 PONDS C-1 AND C-2 (IHSSs 142.10 AND 142.11)

2.4.1 Location and Description

Ponds C-1 (IHSS 142.10) and C-2 (IHSS ;"42.‘1”1:) are located afong Woman Creek, southeast of the main
security area of the Rocky Flats Plant and:_w&hi‘_n":’ﬁthe Buffer Zone (Figure 2-7). These ponds are
approximately 2,000 feet apart “with Pond C-1- to ?'the west of Pond C-2. The estimated capacities for
plans for Pond C-2 are- m Appendlx A (EG&G 991c) No as- buxlt drawmgs exist for Pond C1. A
description of how these ponds mteract with the Woman Creek surface water flow is contained in
Section 2.1. f ‘

242 History .

The C-series Detention Ponds are used primarily to capture and control surface water runoff from the
plant’s facalmes and from Woman Creek. Filter backwash water from the water treatment facility was
discharged to Pond: C-1 (IHSS 142.10) between plant start-up in 1952 and December 21, 1973 (U.S.
DOE 1980). In addmon ‘the cooling tower biowdown water was discharged to Pond C-1 until the latter
part of 1974. In the ea’dy‘ 1970s, the plant operations were changed and Pond C-1 was used principally
to manage the surface water runoff in the Woman Creek drainage.

Pond C-2 (IHSS 142.11) was constructed in 1980 to detain runoff water from the SID (see Section 2.1).
The water in Pond C-2 is monitored monthly and discharged periodically. The discharged water is
treated by an activated carbon treatment facility and pumped via pipeline toward Great Western
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Reservoir, where the water is diverted around this Reservoir by the Broomfield Diversion Ditch. The
Broomfield Diversion Ditch empties into Big Dry Creek. The discharge from Pond C-2is regulated by
an NPDES permit (Permit Number CO-0001333). The last time Pond C-2 was discharged was in June
1990. Currently, the pond (as of January 1, 1991) is about 25 percent full, containing approximately 5.7
million gallons.

2.4.3 Surface Drainage
The surface drainage system into Detention Ponds C-1 and C-2 has already been discussed in Section
. Detention Pond C-1 receives surface water from Woman LCreek with: lmle runoff received from the

plant site. Pond C-2 receives the runoff from the southern plant facilities via th,e__nSlD.

2.4.4 Nature of Contamination and Previous _ld\(eéligations

Several studies have been conducted pertammg to the analyses of water and sediment samples from
Detention Ponds C-1, C-2, and along Woman Creek dralnage Included in these studies was a 1970
study conducted by the EPA (U.S. EPA 1970), a 1980 study by. D. Paine on plutonium in freshwater
systems at Rocky Flats (Paine 1980),: and a'1986. Study conducted as a requirement for a RCRA Pant
B - Operating Application (U.S. DOE 1986c) “iny addmw analytlcal results from surface water samples
collected in Ponds C-1 and C-2 and at three locatlens along Woman Creek during 1989 have been

summarized as part of this work plan

The study conducted in Feb ary 1970 mvolved the analyses of radionuclides in a water sample and
bottom sediment sample collected in"Woman. Creek near Indiana Street (U.S. EPA 1970). Bottom
sediment samples were collected by scraping. the bottom area below the water line with a hand trowel.

Grab samples of water’ were ollected in 1-gallon plastic containers with 2 to 5 gallons collected per
sample. Radionuclides detected in the water samples included gross alpha (0.9 pCi/l), Sr-89 (0.5 pCi/l),

Sr-90 (0.4 pCr/l) total alpha radlatron (<0 1 pCi/l), and uranium (2.2 pg/l}. No analyses were done for
tritium. Radlonuclldes detected in the bottom sediment included gross alpha (9.0 pCi/gram dry weight),

total alpha radlatmn 4.8 pCl/gram dry weight), plutonium-239 (0.23 pCi/grams dry weight), and uranium
(1.5 pg/l) (U S EPA 1970)

The 1980 study byD. Paihe was conducted in order to determine the behavior of plutonium in the
freshwater systems atA'Rocky Flats (Paine 1980). In this study, sediment cores were taken at 5-cm
intervals on a monthly basis from Pond C-1 during the study period (spring of 1971 through the summer
of 1973). These core samples were taken to determine the vertical distribution of plutonium in the pond
sediments. Surface water samples and water samples were collected at 0.5-meter increments from the
pond surface to the sediment/water interface.
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The average or mean plutonium concentrations (Pu-239 and Pu-240) in unfiltered water and surface
sediments taken from Pond C-1 during this study period is illustrated in Figure 2-8. The sediment
samples collected at depth showed no significant vertical variation in plutonium concentrations with
depth, probably because of the shallow nature of Pond C-1. In addition, the plutonium concentrations
detected in the pond sediments of Pond C-1 are relatively low in comparison to Ponds B-1, B-2, B-3,
B-4 and A-1. This may be due to the relatively low percentage of plutonium in the filterable fraction of
the water samples (Table 2-4). In this 1980 study, Paine concluded that sediments (especially clays)
appear to be the major reservoir for ultimate plutonium deposition and that relatwely insignificant
transport of plutonium through bioctic systems to man exist. -

The 1886 study "Trends in the Rocky Flats Surface Water Monitoring" summarized analytical data
collected between 1980 and 1985 (U.S. DOE 1986a)..'Maximum plutonium concentrations measured
in the surface water of Pond C-2 during this period were 0.05 pCi/l. Maximum concentrations for
uranium and americium at the NPDES designated rdvischarge point below Pond C-2 were 2.8 pCi/l and
0.02 pCi/l, respectively. For Pond C-2, the maximum tr_itiUm cbncentrations detected were 1200 pCi/l.
Nitrate concentrations remained nearly constant in"Pond C-2 throughout the five-year period and the
pH in Pond C-2 ranged between 8.0 and 8.5 (Rockwell 1988) Sediment samples were not collected
in Ponds C-1 or C-2 for this study. i /

In addition to the historical studies, surféce water:'sam'ples are currently collected monthly to monitor
the water quality of the detention ponds. A surface water monitoring program was established several
years ago at Rocky Flats facility and is presently being supervised by EG&G personnel. Numerous
established surface samplingilob"a‘tiohs along the drainage area of Woman Creek and within Ponds C-1
and C-2 are sampled on a monthly basis vprqyiding'there is water present and the water is not frozen.
Analytical results frorfi su:r_face _Wét__er~samples collected during 1989 from Ponds C-1 and C-2 were
reviewed for this work plan toprovide more recent data on the ponds (Figure 2-7). These surface water
samples collected SW-C1 and SW -C2, from Ponds C-1 and C-2, respectively, are collected at the
deepest part. of the pond and analyzed for radionuclides, metals, and organics. The maximum
concentrations detected during 1989 for most analytes in each of the ponds have been tabulated in
Table 2-5. In addition, analytical data from three surface water locations along Woman Creek were also
summarized for this work plan and the maximum concentrations detected for radionuclides and metals
during 1989 have been tabulated in Table 2-6. These data have not yet been validated; therefore, there
are uncertainties in the unvahdated data. Several sediment sampling locations have also recently been
established along the Woman Creek drainage; however, limited chemical analytical data are available
at this time from samples that have been collected. )

Discharges from Pond C-2 are regularly monitored to comply with an NPDES permit. These discharges
are also monitored for plutonium, americium, uranium, and tritium (U.S. DOE 1986c). Water quality and
flow measurements are monitored during periods of discharge from Pond C-2.
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TABLE 2-4

PERCENT OF PLUTONIUM ISOTOPES ASSOCIATED WiTH
FILTERABLE FRACTION OF WATER SAMPLES
FROM ROCKY FLATS PONDS

Pond ‘ Filterable Fraction*
B-1 %026

B-2 86':1‘2
B-3 D 80 = 8

B-4 A 70 £ 12
C-1 e 30 + 30
A1 T W 35 + 20

¢ Mean = standard error

Source: Paine 1980
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TABLE 2-5

MAXIMUM CONCENTRATIONS DETECTED IN SURFACE WATER SAMPLES
COLLECTED FROM PONDS C-1 AND C-2 iN 1988

Pond C-1 Ja Pond C-2
Analyte (SW-C1) _(SW-C2)
Radionuclide i/ Concentration® (pCi/l) - ncentration’ (pCi/t
Americium-241 001 =+ 0.01- . 001t == 0.01
Cesium-137 0.3 £ 05 ey 0.3 £ 05
Gross Alpha 130 . = 80 . 30 =+ 30
Gross Beta 90 '+ 30 120 = 3.0
Plutonium-239 0027 = 0.01 006 =+ 0.02
Strontium-80 ~0.9 + 05 3.5 + 07
Tritium 530 0 + 210.0 500.0 + 210.0
Uranium-233/234 20 7+ 04 0.8 + 0.2
Uranium-235 =017 2 041 0.0 + 0.1
Uranium-238 16. =x._ 03 0.7 £ 0.2
Radium 226 05 “—x 03 N.D.
Uranium, Total* A 3 2 N.D.
Metals n. % Conc nt ation® (mg/! Concentration® (mg/l)
iron oo 22 0.311
Magnesium s 12.40 11.70
Manganese ... 0.599 2.52
Zinc 0228 0.358°
Aluminum . % v 1.42 N.D.
Mercuy . ooo18 0.0003"
Strontium ... ND. 0.279
Calcium ./
Sodlum ) »
Organlc Concentration® (ug/l) Concentration® (ug/!)
Bls(2 Ethylhexyl) Phthalate 1.0 N.D.
Phenol G 3.0 15.0
Di-n-Butyl Phthalate N.D. 17.0
Anions and Cations - Concentration® (mg/l} Concentration® (ma/l)
Sulfide.” 1.0 1.0
" Potassium N.D. 8.49
Carbonate, Hydrogen N.D. 190.0
Chloride N.D. 37.0
Sulfate N.D. 52.0
Nitrate/Nitrite . N.D. 0.07
Rocny P P, Gt T Py Orseags aren 31, 1081
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TABLE 2-5
(Concluded)

MAXIMUM CONCENTRATIONS DETECTED IN SURFACE WATER SAMPLES
COLLECTED FROM PONDS C-1 AND C-2 IN 1989

Pond C-1 7 = Pond C-2

Analyte (SW-C1) -~ - (SW-C2)
Indicator @nggntgatign (mg[!) “.._ Concentration’ (mg/l)
Total Dissolved Solids ND. . 260.0

N.D. Nodata

Note: ! Concentration validated .
2 Concentration is acceptable with qualiﬂcanons
* Potential applicable or reievant and appropnate requ:rements for QU5 are presented
in Section 3.0 4 .
* No units

Source: (EG&G 1990d)
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TABLE 2-6

MAXIMUM CONCENTRATIONS DETECTED IN SURFACE WATER SAMPLES
SW-32, SW-36, AND SW-39 COLLECTED ALONG WOMAN CREEK IN 1989

Analyte SW-32 _SW-36 SW-39
Radionuclides Concentration® (pCi/l) Concentration® (pCi/l) Concentration® (pCi/l)
Americium-241 (Filtered) N.D. 001 £ 0.1 N.D.
Americium-241 (Unfiltered) 0321 = 0.077 0.147. '+ 0.41 002 x 002
Cesium-137 (Filtered) N.D. 06, . 06 N.D.

Cesium-137 (Unfiltered) 0.4 + 08 02 ..+ 05 01 = 06
Gross Alpha (Filtered) 0.0 + 3.0 17.0.° x-.10.0- 30 =+ 30
Gross Alpha (Unfiltered) 3.0 + 4.0 180 =+ 100 10 = 20
Gross Beta (Filtered) 3.0 + 3.0 .. 459 %= 35 30 == 20
Gross Beta (Unfiltered) 5.0 + 50 S 280 x BO 40 x 20
Strontium-80 (Filtered) 1.09 =+ 049 03 = 05 N.D.

Strontium-80 (Unfiltered) 0.2 + 05 038 =+ 032 05 <+ 03
Tritium 160.0 + 150.0 3500 + 160.0 8900 = 170.0
Uranium, Total* 1.8 " 35.58 0.5
Uranium-233/234 1.0 + 03 <796 = 1.59 03 = 02
Uranium-235 (Filtered) N.D. . 04 % 02 N.D.
Uranium-235 (Unfiltered) 026 =+ 037 062 049 00 = 041
Uranium-238 (Filtered) N.D. R 1707 = 1.0 N.D.

Uranium-238 (Unfiltered) 0.84 % 064 e 270 & 2.9 03 = 02
Piutonium-239 (Unfiltered) 0.013 = %0.007 004 z 002 00 =+ 001
Radium-226 (Filtered) N.D. WS 05 = 03 N.D.

Radium-226 (Unfiitered) N.D. 0.3 + 0.2 N.D.

Metals Concentration* (mg/) . *.  Concentration* (mg/l) Congcentration* (mg/l)
Aluminum TS 24807 99.60" N.D.
Calcium 72404 173.0 28.0'

fron © 22.20' 108.0 0.383'
Magnesium ~_  11.20' 57.70 7.22
Manganese .. 0.622 2.14 0.0585?
Mercury 10.0003* 0.00112 0.003
Molybdenum © 0.0231 N.D. 0.0229'
Sodium © 23.10' 32.50' 22.90°

Zinc . 0.201 0.413 0.0222
Barium 0.387 1.47 N.D.
Chromium 0.0222' 0.118 N.D.

Copper 0.0252' 0.122 N.D.

Lead 0.0248' 0.0840 N.D.
Strontium 0.198 1.07 N.D.

Tin N.D. 0.198° N.D.
Lithium N.D. 0.0780 N.D.
Arsenic N.D. 0.0094 N.D.
Beryllium N.D. 0.0078 N.D.

Cobalt ~N.D. 0.0618 N.D.

Nickel N.D.. 0.105 N.D.

Rocky P racy, G, Emorats g O
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TABLE 2-8
(Concluded)

MAXIMUM CONCENTRATIONS DETECTED IN SURFACE WATER SAMPLES
SW-32, SW-36, AND SW-39 COLLECTED ALONG WOMAN CREEK IN 1989

Analyte SW-32 SW-36 SW-39
Anions and Cations Concentration® {mg/l) Concentration® (mg/1) Congentration® (mg/)
Potassium N.D. 1510 N.D.

Sulfate 31.0' ‘ 130.0! N.D.
Carbonate, Hydrogen 190.0' 200.0' . N.D.
Chloride 22.0' S B0~ e N.D.
Nitrate/Nitrite 0.10° CSNDL e e N.D.

Notes: ! Concentration validated

? Concentration is acceptable with qualiﬁcationsf" ..
* Potential applicable or relevant and appropriate requirements for OUS are presented in Section 3.0
No units

Surface Water Locations can be found in Sectiot:ib'?;Qqp';\'-cﬁigure 7-2

Source: (EG&G 1990d)
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2.4.5 Geology and Hydrology

The surficial units near Ponds C-1 and C-2 are primarily valley fill alluvium and colluvium. This is based
on the lithology encountered in two alluvial monitoring wells (6486 and 6586) located slightly upstream
of these ponds. In both these wells, the valley fill alluvium is approximately 7 to 9 feet thick and is a silty
clayey gravel to clayey sand. The gravel is multicolored and is subangular to subrounded. Beneath
these surficial deposits is the Arapahoe Formation. This unit is a slightly calcareous yellowish-orange
to light olive-gray claystone, with some oxide staining. The shallow nature of the bedrock below ground
surface is typical of those areas immediately adjacent to Woman Creek.

The valley fill alluvium may not be present beneath the Detention Ponds since the top 5 to 10 feet of the
surficial materials were removed during construction of the ponds (Appendix A). The base of these
ponds may be constructed in the Arapahoe Formation. The sediment that has been deposited in the
ponds since their construction is unconsolidated 'anfd very fine grained.

Groundwater was encountered approximately 5 feei and 7 feet below the ground surface in wells 6586
and 6486, respectively, near Ponds C-1 and C-2 (Figure 2-7).“‘ Thus, only several feet of the valley fill
alluvium is saturated in this area. It is likely that.a thicker séctidn of the aliuvium is saturated in the
spring, during the high-water stage. Groundwater. within the alluvium is thought to fiow principally to
the east similar to Woman Creek's stream fiow.. The lithblbgic" characteristics of the bedrock in this area,
if similar to the nearby monitoring wells, is primarily a claystone. Little groundwater flow is, therefore,
expected to occur through this unit. However, within the uppermost section of the Arapahoe Formation,
as observed at various locations beneath the» _Plant site, subcropping sandstones have been
encountered. Thus, further characterization of the Arapahoe Formation beneath these ponds is needed.

25 SURFACE DISTURBANCE (IHSS 209) AND THE SURFACE DISTURBANCES SOUTH OF
THE ASH PIT. AREA

2.5.1 Location and Description

Two separate surface disturbances will be described in this section: IHSS 209 and the surface
disturbances south of the Ash Pits. {HSS 209 is located to the southeast of the Rocky Flats Plant
security area, south of Woman Creek and approximately 1,000 feet southeast of Pond C-1 (IHSS 142.10)
(Figure 2-7). This area was included as an {HSS because unknown activities took place in this area of
shallow excavations and surface disturbances. This IHSS covers approximately 225,000 square feet
(5.2 acres) and is located on a long narrow plateau bounded to the north, east and south by a uniform
slope leading into the Woman Creek drainage. A dirt road transects this IHSS and loops near the
eastern boundary. Three excavations are located within the boundary of this IHSS (Figure 2-7). Two
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depressions which periodically retain water are present near the northern and southwestern boundary
of this unit (Figure 2-7).

A second surface disturbance area has been added to the QU5 investigation. This area is located
1,200 feet south of IHSS 133 and south of Woman Creek. This area consists of five former excavation
areas (Figure 2-6). These surface disturbances were identified in aerial photographs taken between 1955
and 1988 (U.S. EPA 1988c). There is still surface evidence of some of these disturbances. Two former
excavations trend along northeast-southwest axes (Figure 2-6). Each excavation is approximately
30 feet wide by 400 feet long. A horseshoe-shaped area, or the east area, is located northeast of the
paraliel excavations and a third excavation (3 feet wide by ap‘pro‘ximatel'y»z feet deep) is located to the
southwest. This excavation trends in a north-south direction across the plateau. A west area is
approximately 600 feet by 150 feet and is located upsiope (southwest) from the other disturbances.

2.5.2 History

It is not known what activity or activities may ‘have taken place at IHSS 209 or at the surface
disturbances south of the Ash Pits. However the time penod in whsch these areas were disturbed can
be estimated from aerial photographs o

IHSS 209 first appears as a disturbed area ina 1955 aerial photograph (U.S. EPA 1988b). The ground
was disturbed both west and east of the dirt»road'fhowever no obvious features or equipment can be
seen in the photo (Figure 2-7). "By 1961, three excavanons existed within this IHSS. The depression
located near the southwestern boundary of this lHSS appears as a pond in the 1980, 1983, and 1988
aerial photographs. The 1980 aenal photograph ‘also reveals that the western half of the IHSS was
beginning to revegetate By 1988 _theonly.recognizable features on or near this surface disturbance
was the presence of the easternfmost excavation and the pond located near the northern boundary of
this IHSS (Figure 27).. .

The east exoaVation area was the first area to be noted as active in the surface disturbances south of
the Ash-Pits. This was observed in a 1955 aerial photograph. The two parallel excavations became
active prior to 1978, as they aré visible in the 1978 photo. After 1983, the excavation areas started to
revegetate. The west area, located approximately 400 feet southwest of the parallel excavations,
became active prior tob 1969 (U.S. EPA 1988b). This area is now backfilled with large rocks. The time
these rocks were placed is unknown.
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2.5.3 Nature of Contamination and Previous Investigations

No previous investigations have been performed near IHSS 209 or the surface disturbances south of
the Ash Pit area. In addition, there are no nearby groundwater monitoring welis that can provide data
on these areas.

2.5.4 Surface Drainage

IHSS 209 is located on a plateau. Surface runoff from this unrt ﬂows to the northwest, north, east, and
south into Woman Creek drainage (Figure 2-7). Woman- Creek is about 750 feet to the north of
IHSS 209 and is about 140 feet lower in elevation. Smce thrs IHSS is located atop a plateau, it receives
little runoff from any upslope areas. TS

The surface disturbances south of the Ash Pit _areagaf’re aiso”‘:iocated on a narrow plateau (Figure 2-6).
Surface runoff flows to the north, northeast, or‘"west',n tow:'ard" Woman Creek. Woman Creek is located
approximately 400 feet to the north of these surface“di_s\tdrbances and is between 20 to 80 feet lower
in elevation. This area, like IHSS 209, receives little surta'r;‘e_ rdnofg from any upslope areas.

2,5.5 Geology and Hydrology

The geology beneath and near {HSS 209 and the surface disturbances south of the Ash Pit area has
been characterized based on the geographicai Iocatron of the units, lithologic information obtained from
a monitoring well drilled on a srmrlar plateau area and from the surficial geological map of the OUS area
(Figure 1-5). As was encountered in the® momtonng well (P416489), located 2,500 feet to the north-
northeast of IHSS 209 the Rocky Flats ‘Alluvium and the Arapahoe Formation are the geologic units that
underiie these areas. The Rocky Flats Alluvium in the monitoring well is approximately 20-30 feet thick
and consists of poorty sorted muiticolored sandy gravelly clay to gravelly clayey sand. The Arapahoe
Formation is' a moderately to weli sorted sandy silty claystone to claystone, with some oxide staining.
It is likely that these formations underlie the surface disturbances since these plateau areas are
characteristic of the deposition of Rocky Flats Alluvium on the surface of the Arapahoe Formation.

The characteristics of the h{rdrologic system(s) are unknown beneath these surface disturbances
because of the lack of nearby wells. Groundwater probably occurs at the base of the Rocky Flats
Alluvium just above the less-permeable Arapahoe Formation; however, further characterization of the
nature of the Rocky Flats Alluvium and Arapahoe Formation is needed.
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2.6 CONCEPTUAL MODELS

Phase | conceptual models for each IHSS and/or similar IHSSs were developed and are presented in
the following subsections. The Phase | models are based on a review of the historical data and previous
investigations conducted near each IHSS. In the following sections, the conceptual models will describe
contaminant sources, the potential migration and exposure pathways, and potential receptors for each
IHSS.

2.6.1 Original Landfill (IHSS 115)

The Original Landfill is located south of the west access road ona slope Ieadmg down to Woman Creek.
This unit received approximately 2 million cubic feet of mrscellaneous plant wastes during its operation.
Plant wastes included such things as solvents, palnts “paint thinners, oil, pesticides, and cleaners.
Metals such as beryllium, uranium, lead, and chromlum are’ also suspected to have been buried in the
landfill. The potential source of contamination at, thrs IHSS is the material buried in the landfill.

Air Pathway. The landfill was previously closed with a sorl cover.-However, erosion and sloughing have
resulted in an irregular ground sun‘ace\’ and-the quahty and" mtegrlty of the cover is questionable;
therefore exposure by the air pathway should be consrdered . The potential receptors of emissions or

nature of this cover (as descnbed above) the surface water pathway should be considered. Surface
water flows north to sotith across this unit with the steep topography over the Original Landfill resulting
in fairly rapid flow rates., Surface water runoff from most of this IHSS flows south into the SID, where
itis dlverted mto Pond C-2 (IHSS 142. 11) In Pond C-2 the water is monitored and treated before being
dxscharged After being d;scharged ‘the water is pumped through a pipeline to a diversion ditch
(Broomﬂeld Dlversmn Ditch), around Great Western Reservoir, and empties into Big Dry Creek. Runoff
from the small pomon of the landf Il that is south of the SID flows south into Woman Creek, where it
subsequently ﬂows east mto Detention Pond C-1 and then into Woman Creek. The potential human
receptors are off-site surface water users downgradient, east of Indiana Street along the Woman Creek
and Walnut Creek drainages. Agquatic biota, birds, and mammals are potential on-site receptors.
Monitoring of surface water prior to its discharge from Pond C-2 reduces the likelihood of human
exposure to surface water contaminants from the Original Landfill.

Groundwater Pathway. Migration of contaminants by infiltration and percolation of water through the
landfill into the groundwater is another likely migration pathway. The landfill has no bottom liner, and
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thus leachate can percolate through this unit and migrate into the groundwater. There are no
groundwater wells within this IHSS, and thus the characteristics of the groundwater system beneath the
landfill can only be estimated. Based on the limited nearby well control, the uppermost aquifer beneath
the landfill is probably the Rocky Flats Alluvium, colluvial deposits and weathered Arapahoe Formation.
Groundwater beneath the landfill likely flows to the south until it reaches Woman Creek where the
groundwater flow direction changes to the east.

Water samples collected from a well downgradient from this IHSS detected radionuclides and metals
(see Subsection 2.2.4). It is not known if the concentrations detected are-characteristic of background
conditions, contamination from other sources upgradient of the landfill, or contammatlon from a source
in the landfill. '

On-site animal or human receptors could contact groundwater surfacing in Woman Creek. Potential
human receptors of the groundwater would be off-site' groundwater users east of indiana Street. This
pathway is not as direct as the surface water: or air pathways because of the slower movement of
groundwater and the distance to receptors. ¢

2.6.2 Ash Pits 1-4, Incinerator, and _,Concrete_ﬂWash Pad(lHSS 133)

The Incinerator, Ash Pits, and Concrete Wash F’ad are- Iocated south of the west access road on a
relatively flat, grassy area. The Incinerator- was used to burn general plant wastes. Ashes from the
Incinerator were placed in trenches or pits (Ash Pits 1 through 4) or pushed over the side of the hill into
Woman Creek drainage and/or onto the Concrete Wash Pad. Along with general plant wastes, 1t is
possible that uranium- 238 was also burned and subsequently buried in the Ash Pits. . Following
shutdown of the lncnnerator the Ash Pits were covered with fill. The Concrete Wash Pad was principally
used to dispose of waste concrete from concrete trucks involved in construction at the Rocky Flats Plant
facility and as an area to wash concrete trucks The source of contamination at the Ash Pits, if present,
is the matenats ln the. plts

Surface Water and Air PathWay‘ s. Surface water runoff probably does not contact the wastes in these
units because of the soil or concrete cover present. Similarly, release of contaminants into the air is
also inhibited by covers over-these units. Thus, these potential pathways will not be considered for
these units. '

Groundwater Pathway. The most likely migration pathway for potential contamination from IHSS 133
is the groundwater pathway. The permeable nature of the colluvial/alluvial deposits beneath this
IHSS probably allow water to percolate through the Ash Pits into the groundwater (4 to 8 feet below
ground surface). Beneath the Ash Pits the groundwater fiows south toward Woman Creek where the
flow direction changes to the east.
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Water samples collected from a well downgradient from these IHSSs detected radionuclides and metals
(see Subsection 2.3.4). It is not known if the concentrations detected are characteristic of background
conditions, contamination from other sources upgradient of the Ash Pits, or contamination from a source
in the Ash Pits.

On-site animal or human receptors could contact groundwater surfacing in Woman Creek. Other
potential human receptors of the groundwater are off-site groundwater users east of Indiana Street, over
2 mile from the Ash Pits.

2.6.3 Ponds C-1 and C-2 (IHSSs 142.10 and 142.11)

Detention Ponds C-1 and C-2 along the Woman Creek drainage and the SID are used primarily to
capture and control surface water runoff. Pond C-1 receives water from Woman Creek, while Pond C-2
receives water from the SID and, consequently, surface water runoff from the southern part of the
production facilities. Historically, water and sediment safr\pies from these ponds have occasionally
contained low concentrations of radionuclides. 'The“sé" contaminants, however, have primarily been
found in the bottom sediments of the ponds. Analyticaf data from water samples taken from Ponds C-1
and C-2 during several sampling periods in 1989 detected various""radionuclides and other compounds
(see Subsection 2.4.4). The potential sources of contammat'on at Ponds C-1 and C-2 are sediments
and water in the ponds. ' :

Air Pathway. The air pathway from these pbhds is not considered to be a primary potential pathway
since contaminated particulates are generally not-available for wind-blown transportation. Contaminated
sediments are generally beneath the water m the pond VOCs, if present, could pose a concern through
atmospheric emissions.

Surface Water Pathway The surtace water pathway is considered to be the most likely migration
pathway from these detention ponds Surface water enters Pond C-1 prior to discharging into Woman
Creek, which flows eastward into Standley Lake and Mower Reservoirs, 4 miles to the east. Water
detained in Pond C-2 is currently being treated prior to being discharged toward Great Western
Reservoir, where it is diverted around the reservoir by the Broomfield Diversion Ditch and into Big Dry
Creek. Discharges from Pond C-2 are monitored for contaminants to comply with an NPDES permit.
Aquatic biota, birds, and mammais are potential on-site receptors of surface water. Potential off-site
receptors of surface water from Ponds C-1 and C-2 are the off-site surface water users of Woman Creek
or Big Dry Creek east of Indiana Street. This pathway is considered the most direct of the exposure
pathways from these ponds since the surface water flow should be relatively rapid.

Groundwater Pathway. The groundwater pathway is also a potential pathway of concern. The ponds
are not lined and migration and infiltration of surface water through the sediments and alluvium to the
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groundwater probably occurs. Groundwater flow in this area is likely to the east. Animal and human
receptors could contact groundwater surfacing in Woman Creek. Other potential human receptors for
the groundwater are off-site groundwater users east of Indiana Street. This pathway is not as direct as
the surface water pathway because of the slower movement of groundwater, the distance to potential
receptors, and because of the ability of the aquifer to retard and absorb potential contaminants.

2.6.4 Surface Disturbance (IHSS 209)

No field sampling investigations have been conducted at this IHSS and no-waste disposal activities are
known to have taken place. Thus, while exposure pathways exist for thns IHSS the presence of
hazardous materials within this IHSS has not been proven.

Surface Water Pathway. This IHSS is located on a narrow plateau approximately 400 feet south of
Woman Creek. Surface runoff flows from this unit to the northwest, north, east, and south, and
eventually flows into Woman Creek. Subsequently, the migration of surface water runoff from this
IHSS is a primary concern if surface contamination éxists. The potential receptors to the surface water
runoff are on-site animals and humans and surface water users-east of Indiana Street.

Air Pathway. The air pathway may aléo be 'consideréd apotential pathway for contaminant migration
since no cover is known to exist over th:s surface disturbance. However, it is not known if any
contaminants are exposed on the surface. The potentlal receptors for the air pathway would primarily
be animals and workers at Rocky Fiats or downwind of the unit. This unit is located about % mile from
the main plant site, where thg*r’ﬁéjqrity of huma'hvac'tivities take place.

Groundwater Pathway’f Infiltration and percolatioh of water through this IHSS to the groundwater is also
a potential migration pathwé'y'if cohtamination exists. The hydrogeologic characteristics are not known
in this area (due to lack of wells or bonngs) however, groundwater likely flows to the north to Woman
Creek and then east:- Ammal and human receptors could contact groundwater surfacing in Woman
Creek. Other.potential human. receptbrs are likely to be the off-site groundwater users east of Indiana
Street. This pathway is not as direct as the surface water or air pathways because of the siower
movement of groundwater and’the distance to receptors.

2.6.5 Surface Disturbance South of Ash Pits

No previous investigations have been performed at the surface disturbance, and there have been no
reports of waste disposal activities or spills. The presence or absence of hazardous substances will be
investigated during the Phase | Investigation. If contamination exists, the potential exposure pathways
and receptors for the surface disturbance are similar to the ones described above for IHSS 209 since
both areas are located on plateaus south of Woman Creek.
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Surface Water Pathway. This disturbance is located on a plateau approximately 400 feet south of
Woman Creek. Surface runoff flows from this unit to the north, and eventually flows into Woman Creek.
Subsequently, the migration of surface water runoff from this {HSS is a primary concern if surface
contamination exists. The potential receptors to the surface water runoff are on-site animals and
humans and surface water users east of indiana Street.

Air Pathway. The air pathway may also be considered a potential pathway for contaminant migration
since no cover is known to exist over this surface disturbance. ‘However, it is not known if any
contaminants are exposed on the surface. The potential receptors for the air pathway would primarily
be animals and workers at Rocky Flats or downwind of the unit. This unitis located about % mile from
the main plant site, where the majority of human activities take place. '

Groundwater Pathway. Infiltration and percolation of waier through this disturbance to the groundwater
is also a potential migration pathway if contamination exists.” The hydrogeologic characteristics are not
known in this area {due to lack of wells or borings); however, groundwater likely flows to the north to
Woman Creek and then east. Animal and human receptbrsy could contact groundwater surfacing in
Woman Creek. Other potential human receptors are Iikély to be the off-site groundwater users east of
indiana Street. This pathway is not as.id‘i‘réc't asthe surface water.or air pathways because of the slower

movement of groundwater and the diSta_nce to receptors. -
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3.0
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

This section provides a preliminary identification of potential chemicai-specific applicable or relevant and
appropriate requirements (ARARs) for surface water and groundwater at Operable Unit 5 (OUS). The
summary of possible ARARs presented is based on current federal and state health and environmental
statutes and regulations and the chemicals suspected to be present at OUS. The preliminary
identification and examination of potential ARARs will provide forthe use of appropriate analytical
detection limits during the RFI/RI. As data become availablé,ddring the Phase | Rl specific ARARs will
be proposed for OU5. The Corrective Measures Study (CMS)/Feasibility Study (FS) report will further
address chemical-specific ARARs as well as action- and location-specific ARARs in the development and
evaluation of remedial alternatives. ’

3.1 THE ARAR BASIS

The basis for ARARs is cited in Section 121(d) of CERCL}\, as amended by the Superfund Amendments
and Reauthorization Act of 1986 (SARA')", ‘which requires that Fund-financed, enforcement, and federal
facility remedial actions comply with applicéble or relevant and appropriate federal laws or promulgated
state laws, whichever is more stringent. “For them pUrpbées of identification and notification of
promulgated state standards, the term "promulgated" means that the standards are of general
applicability and are legally enforceable (NCP, 40 CFR 300.400(g)(4)). Colorado Department of Health
(CDH) Water Quality Cont'rblﬂCéfﬁmisvsion (WQCC) groundwater standards are to be considered (TBC)
since they are not yet .ehfofceab!ei

3.2 THE ARAR PROCESS

A screening and analysis p'roces§ will be used to determine the potential ARARs to be applied to OUS5.
The analysis will address compliance with chemical-, location-, and action-specific ARARs in accordance
with the National Oil and Hazardous Substances Poliution Contingency Plan (NCP). The screening
process will consider relevant and appropriate requirements in the same manner as applicable
requirements. When more _thén one ARAR is identified, the most stringent ARAR will be used.

The first step in identifying potential ARARs will occur after the initial scoping and site characterization
and will involve the analysis of the chemicals present at the site and any location-specific characteristics
at the site. Once the chemicals have been identified, the presence of absence or chemical-specific
ARARs will be determined. Chemical-specific ARARs will be derived primarily from federal and state
health and environmenta! statutes and regulations, including the following:
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. Safe Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLs) and Maximum
Contaminant Level Goals (MCLGs) applied to both surface and groundwater

° Clean Water Act (CWA) Water Quality Criteria (WQC) applied to surface water

. RCRA Subpart F groundwater concentration limuits' "(40 CFR 264.94) - applied to
groundwater T

° Colorado Department of Health (CDH) surface water standards for Woman Creek and

Walnut Creek (5 CCR 1002-8, Sec’uon 3.8. 29 Final Rule Effectrve March 30, 1990) -
applied to surface water S

. CDH WQCC proposed statewide and classrfred groundwater area standards (5 CCR
1002-8, Section 3.11) - apphed to groundwater as TBC

A summary of chemical-specific standards or possrble ARARs based on the above regulations and
contaminants that may be found at OUS is presented in Table 3-1, Groundwater Quality Standards;
Table 3-2, Federal Surface Water Quahty'wStandards and Table 3-3, State Surface Water Quality
Standards. These potential chemrcahspecrfrc ARARs, and accompanyrng regulations will be screened
to determine their jurisdictional requrrements and applrcablhty to OU5. If the requirements are not
applicable, they will be further screened to determme whether they are relevant and appropriate to the
particular site-specific condmon _at Ous. Where AﬁARs do not exist for a particular chemical or where
existing ARARs are not protectrve of human health or the environment, to-be-considered (TBC) criteria,
guidances, proposed standards and" vrsones will be evaluated for use. Standards identified as
potential ARARs, as well as. TBC criteria, will be analyzed according to the procedures outlined in the
Superfund Public Health Evalga;ron Manual (U.S. EPA 1986a), NCP, and CERCLA Compliance with
Other Laws Manual (u S. EPA 1989

3.2.1 ARABé

"Applicable reduirements,j as;'defined in 40 CFR 300.5, are "those cleanup standards, standards of
control, and other ‘substantive requirements, criteria, or limitations promulgated under federal
environmental or state environmental or facility siting laws that specifically address a hazardous
substance, poliutant, contaminant, remedial action, location, or other circumstance found at a CERCLA
site. Only those state standards that are identified by a state in a timely manner and that are more
stringent than federal requirements may be applicable.” "Relevant and appropriate requirements,” also
defined in 40 CFR 300.5, are "those cleanup standards, standards of control, and other substantive
requirements, criteria, or limitations promulgated under federal environmental or state environmental or

Pnase 1 RFI/RI Work Plan - Woman Creek Priority Drainsge Fine! Draft

Rocky Fists Pisnt, Goiden, Colorado March 21, 18981
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facility siting laws, that, while not “applicable" to a hazardous substance, pollutant, contaminant, remedial
action, location, or other circumstance at a CERCLA site, address problems or situations sufficiently
similar to those encountered at the CERCLA site that their use is well suited to the particular site. Only
those state standards that are identified in a timely manner and are more stringent than federal
requirements may be relevant and appropriate.” The most stringent promulgated standards are applied
a3z ARAR (Preamble to NCP, 55 FR 8741). '

3.2.2 TBCs

In addition to applicable or relevant and appropriate requlrerﬁenfs, advisories, criteria, or guidance may
be identified as TBC for a particular release. As defined-in 40 CFR 300.400(g)(3), the TBC category
consists of advisories, criteria, or guidance developed by EPA, other federal agencies, or states that may
be useful in developing remedies. Use of TBCs is, dlscretlonary rather than mandatory, as is the case
with ARARs. )

3.2.3 ARAR Categories

in general, there are three categories of ARARg:

1. Ambient or chemical-specific rgqunre'rjhénts
2. squirements
3. Perform:'apée. de:slgn |

t‘h'erv-vaaction-speciflc requirements

ARARs are generally considered to be dynamic in nature in that they evolve from general to very specific
inthe CERCLA site‘cleanup process lnmally, during the Rl work plan stage, probable chemical-specific
ARARs may be identified; usually basecl on a limited amount of data. Chemical-specific ARARs at this
point have meamng only in that they may be used to ensure that appropriate detection limits have been
establlshed so that data collected in the RI will be amenable for comparison to ARAR standards. Itis
also approprlate to identify locatlon -specific ARARs early in the Rl process so that information may be
gathered to determme if. restnctlons may be placed on the concentration of hazardous substances or
on the conduct of an activity solely because it occurs in a special location.

Chemical-specific ARARs do not currently exist for soils. As the remedial investigation proceeds,
information will become available from the risk assessment which will allow a determination of
acceptable contaminant concentrations in soils to ensure environmental “protectiveness.”

Phase | RFI/Ri Work Pian - Woman Creek Priority Drainage Final Draft
Rocky Fiats Piam, Golden, Colorade March 21, 1881
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3.2.4 Feasibility Study ARAR Requirements

Development of a preliminary list of potential chemical-specific ARARs in the Rl process also allows the
establishment of a list of preliminary remediation goals in the early FS process, which is essentially a
tentative listing of contaminants together with initially anticipated cleanup concentrations or risk ievels
tor each medium. Preliminary remediation goals serve to focus the development of alternatives on
remedial technologies that can achieve the remediation goals, thereby limiting the number of alternatives
to be considered in the detailed remedial alternative analysis, conducted later in the FS process. As
more information becomes available during the Rl stage, chemical-speéiﬂc ARARS may become more
refined as constituents are added or deleted, which is often the case when the Rl takes place in
nurmerous phases. When data collection is complete, revised chemical-specific ARAR selection may be
proposed. ' ’

When the data collection is complete, it is also appropi'iate torefine location-specific ARARs which may
affect the development of remedial alternatives. Dufing :déveiopment of remedial action alternatives at
the beginning of the FS process, a preliminary consideratvioh of action-specific ARARs will be conducted.
As remedial alternatives are screened during the FS, acfion-sp'eciﬁc ARARs will be identified. When a
detailed analysis of the remedial alterriéti\iesvis...,cqn__ducted, all-action-specific ARARs are refined and
finalized with respect to each alternatii:e_ before.a, cbmparison of alternatives begins. At this point, a
discussion is provided in the FS report for each remedial alternative regarding the rationale for all ARAR
determinations.

3.2.5 Remedial Action .

CERCLA §121 speciﬁcally ._requirés -attainmentof all ARARs. Moreover, as explained in the preamble
to the National Contingency‘ Plan J(NCP) (55 ER 8741), in order to attain all ARARs, a remedial action
must comply with.the most stringent requirement, which then ensures attainment of all other ARARs.
Furthermore, CERCLA requires that the remedies selected attain ARARs and be protective of human
heaith and the environment. Consequéntty, preliminary remediation goals based on ARARs will require
modification as new information and data are collected in the R, including the baseline risk assessment
(to be conducted), when ARARSs are not available or are determined to be inadequate for protection of
human health and the environment.

3.2.6 Remediation Goals

Development of remediation goals is actually a portion of the overall develbpment of remedial action
objectives, which ultimately will cefine the required endpoint of the selected remedial action. As stated
in the preamble to the NCP (55 ER 8713), "remedial action objectives are the mare general description
of what the remedial action will accomplish. Remediation goals are a subset of remedial action

Phase | RFI/RI Work Pian - Woman Creek Priority Drainage Fins! Draft
Rocky Fisis Pisnt, Golden, Colorade . Merch 21, 1981
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objectives and consist of medium-specific or operable unit-specific chemical concentrations that are
protective of human health and the environment and serve as goals for the remedial action. The
remedial action objectives ... should specify: (1) the contaminants of concern, (2) exposure routes and
receptors, and (3) an acceptable contaminant level or range of levels for each exposure medium (i.e.,
preliminary remediation goals)." According to 40 CFR 300.430 (e)(2)(i), "Remediation goals shall
establish acceptable exposure levels that are protective of human health'and the environment and shall
be developed by considering the following:

. ARARs (chemical-specific) and

- Acceptable exposure levels for systemic toxicants ;

- Acceptable exposure levels for known or suspected carcinogens
- Technical limitations (e.g., detection limits)

- Uncertainty factors "

- Other pertinent informé‘tio}nu '

. Maximum Contaminant Level Goals (MCLGs) ( 0r Maximum Contaminant Levels -- MCLs
-- where MCLGs are zero ‘or-where MCLGs are_not relevant and appropriate), where
relevant and appropnate

. Acceptable exposure Ievels Whére rn“ultiple contaminants or multiple exposure pathways
will cause exposure at ARAR leve!s will result in cumulative risk in excess of 10™

. Clean Water Act (CWA)--Water,,,Quality Criteria, where relevant and appropriate

o A CERCLA le!térnative Concentration Limit (ACL) established pursuant to CERCLA §
121(0)(2) B) i)

L3 Environmentél:evaluétions, performed to assess specific threats to the environment

When a remedial action alternative is formally selected, all chemical-, location-, and action-specific
ARARs have also been defined in final form. If it is found that the most suitable remedial alternative
does not meet an ARAR, the NCP, at 40 CFR 300.430 (f)(1)(ii)(C), provides for waivers of ARARs under
certain circumstanceé, such as technical impracticability, risk, or inconsistent application of state
requirements. From this point, the alternative will become the final remedy as it is incorporated into the
Record of Decision (ROD). When the final ROD has been signed, requirements may be modified only
when they are determined to be applicable or relevant and appropriate and necessary to ensure that
the remedy is prote